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THE CENTER FOR

FOOD SAFETY

April 7, 2003
\/Dr. Mark McClelian, Commissioner _ Dr. Alan Rulis
U.S. Food and Drug Administration U.S. Food and Drug Administration
14-71 Parklawn Building CFSAN OQOFAS, HFS-200
5600 Fishers Lane Harvey W. Wiley Federal Building
Rockville, MD 20857 5100 Paint Branch Parkway

College Park, MD 20740-3835
Mr. Joseph Levitt

U.S. Food and Drug Administration ' Dr. Laura Tarantino

CFSAN HFS-001 U.S. Foed and Drug Administration
Harvey W. Wiley Federal Building . CFSAN OFAS, HFS-200

5100 Paint Branch Parkway Harvey W. Wiley Federal Building

College Park, MD 20740-3835 5100 Paint Branch Parkway
: ' College Park, MD 20740-3835

Re: Food Additive Petition 9M4697, Use of ionizing radiation for pre-processed meat and
poultry; both raw and pre-processed vegetables, fruits and other agricultural products of plant
origin; and certain multi-ingredient food products; Food Additive Petition 1M4727, Use of
ionizing radiation for control of foodborne pathogens in crustaceans and processed
crustaceans; Food Additive Petition 9M4682, Ionizing radiation for the control of Vibrio and
other foodborne pathogens in fresh or frozen molluscan shellfish; Food Additive Petition
9M4695, Use of ionizing radiation to treat unrefrigerated (as well as refrigerated) uncooked
meat, meat products, and certain meat food products; and Food Additive Petition 9M4696,
Increase the maximum dose of ionizing radiation permitted in the treatment of poultry
products

Greetings,

The FDA is considering the five above-referenced food additive petitions to irradiate a much greater
portion of the food supply. The Center for Food Safety (CFS), together with Public Citizen, has filed five
earlier sets of comments opposing these petitions on grounds of serious safety issues stemming from
scientific studies indicating that certain irradiated foods may cause mutagenic, genotoxic, cytotoxic and
tumor promoting effects in lab animals as well as in humans.

CFS submits this further comment in opposition to the five petitions, including the attached tabbed
information, which is incorporated herein by reference. This comment focuses first on the increased risk

03RO

Main Office: 660 Pennsylvania Ave., S.E.. Suite 302, Washington, D.C. 20003 e Phone: 202-547-9359 ¢ Fax: 202-547-9429
California Office: Bldg. 1062, Fort Cronkhite, Sausalito, CA 94965 e Phone: 415-229-9336 ¢ Fax: 415-229-9340
Email; info@centerforfoodsafety.org o www.centerforfoodsafety.org & www.foodsafetynow.org @



" DR. MARK MCCLELLAN, ET AL.

of coronary heart disease and other health problems due to the doubling of trans fat resulting from
irradiation of ground beef(a product potentially included in the pending food additive petitions 9M4697
and 9M4695). The next section of the comment is on further toxicity risks, relying primarily on older studies
whose finding raised alarms that FDA apparently did not heed, but whose impact 1s amplified by more
recent findings. The last section addresses pre-frans fat nutritional issues surrounding irradiated foods,
based on thoughtful reviews of the nutrient destruction caused by the technology. None of the eight studies
cited below were ever addressed in FDA’s “omnibus” 1986 irradiation rule (51 FR 13376) nor in any
other of its irradiation approvals.

Study 1. Effects of irradiation on trans fatty acids formation in ground beef.! This recent
research tested the levels of various fats and fatty acids in irradiated ground beef. The key finding,
summarized in Table 4 therein, is that irradiation at room temperature approximately doubled the
prevalence of frans fatty acids, from 4.6 % inunirradiated samples to 8.5 % in samples irradiated at 4.5
kGy, the maximum allowable dose for fresh ground beef under FDA regulations.

Study 2. Dietary intake recommendations for trans fatty acids.” In a crucial report on trans
fatty acids issued last year by the National Academies of Sciences, Institute of Medicine (IOM), the
coronary heart disease (CHD) risks presented by these substances, which, again, are doubled in quantity
when ground beef is irradiated, are as follows (emphasis added; citations omitted):

Similar to saturated fatty acids, there is a positive linear trend between trans fatty
acid intake and LDL cholesterol concentrations. Some evidence also suggests that
trans fatty acids result in lower HDL cholesterol concentrations (Table 6). Hence, the
net result is a higher total cholesterol (or LDL cholesterol):HDL cholesterol ratio.
This finding, combined with data from prospective cohort studies (Table 6), has lead
to the concern that dietary trans fatty acids are more deleterious with respect to
coronary heart disease than saturated fatty acids.

! Brito, M.S., A.L.C.H. Villavicencio, and J. Mancini-filho. 2002. Effects of irradiation on
trans fatty acids formation in ground beef. Radiation Physics and Chemistry 63: 337-340.

2 National Academies of Sciences, Institute of Medicine, Panel on Macronutrients. 2002
Letter Report on Dietary Reference Intakes for Trans Fatty Acids (July 10), at p. 14: online at:
www.iom.edu/iom/iomhome.nsf/Wfiles/TransFattyAcids/$file/TransFattyAcids.pdf . The excerpt
attached includes only the pertinent pages on risks, pp. 5-14.
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Summary - There is a positive linear trend between trans fatty acid intake and total
and LDL cholesterol concentration, and therefore increased risk of CHD, thus
suggesting a Tolerable Upper Intake Level (UL) of zero. Because trans fatty acids
are unavoidable in ordinary diets, achieving such a UL would require extraordinary
changes in patterns of dietary intake. Such extraordinary adjustments may introduce
other undesirable effects (e.g., elimination of foods, such as dairy products and
meats, that contain trans fatty acids may result in inadequate intakes of protein and
certain micronutrients) and unknown and unquantifiable health risks may be
introduced by any extreme adjustments in dietary pattern. For these reasons, no UL
is proposed. Nevertheless, it is recommended that trans fatty acid consumption be
as low as possible while consuming a nutritionally adequate diet.

Asindicated the evidence suggests a Tolerable Upper Intake Level of zero. In any event, trans fatty acid
consumption should be minimized. This IOM recommendation directly contrasts with the pending petitions
which would allow more irradiation of ground beef and other foods, thereby significantly increasing trans
fatty acid consumption. 4

It is probable, although not shown in published studies yet, that irradiation of other types of food besides
ground beef that contain fatty acids also significantly raises their frans fat prevalence. Ataminimum
information regarding possible trans fat increases in all of the foods covered must be obtained by FDA
before deciding on the pending petitions, and FDA must consider the cumulative macronutritional effect of
American consumers eating such foods in a prospective heavily irradiated diet.

The list of other documented non-cholesterol and non-CHD related health problems associated with trans
fat is surely well-known to FDA as it proposing a new rule to list the fat on food labels. They include that
trans fat: :

. lowers the amount of cream (volume) in milk from lactating females in all species

studied, including humans, thus lowering the overall quality available to the infant;
. correlates to low birth weight in human infants,
- increases blood insulin levels in humans in response to glucose load, increasing risk
for diabetes; '

* Health problems list from Trans Fatty Acid Fact Sheet, on Trans Fat Info Web
http://www.enig.com/0001t1b.html, (last visited March 24, 20003), maintained by a leading fat
researcher, Mary G. Enig, Ph.D., F.A.C.N., Director, Nutritional Sciences Division, Enig Associates,
Inc., Silver Spring, MD. |
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. affects immune response by lowering efficiency of B cell response and increasing
proliferation of T cells;

. decreases levels of testosterone in male animals, increases level of abnormal sperm,
and interferes with gestation in femuales;

. decreases the response of the red blood cell to insulin, thus having a potentially
undesirable effect in diabetics,;

. inhibits the function of membrane-related enzymes such as the delta-6 desaturase,
resulting in decreased conversion of, e.g., linoleic acid to arachidonic acid;

. causes adverse alterations in the activities of the important enzyme system that

metabolizes chemical carcinogens and drugs (medications), i.e., the mixed function
oxidase cytochromes P-448/450;

. causes alierations in physiological properties of biological membranes including
measurements of membrane transport and membrane fluidity; _

. causes alterations in adipose cell size, cell number, lipid class, and fatty acid
composition; o

. adversely interacts with conversion of plant omega-3 fatty acids to elongated
omega-3 tissue fatty acids;

. escalates adverse effects of essential fatty acid deficiency; and

. increases peroxisomal activity (potentiates free-radical formation).

To summarize the apparent risks of eating irradiated ground beef that is, for example, grilled are
considerable:* - First, red meat consumption is a well-known risk factor for a myriad of health problems.
Second, flame grilling coats the beef with polycyclic aromatic hydrocarbons, which are known carcinogens.
Third, grilling meat creates heterocyclic amines, which are mutagens and carcinogens associated with both
respiratory tract cancers (from the smoke) and colon cancer. Fourth, as we stated in our last comment
of Feb. 26, 2003, irradiated beef contains the unique radiolytic products, 2-alkylcylcobutanones, which
are genotoxic in concentration and act as colon tumor promoters if consumed together with known colon
carcinogens (as are present in this case). Fifth, the doubling of trans fat in irradiated compared to non-
- irradiated-ground beef increases the risks of coronary heart disease. Sixth, the trans fat increase also
increases risks of a variety of other health problems, listed above. '

These should give FDA pause to reconsider its past approvals for irradiated ground beef as well as other
fatty acid-containing foods, in view of the potential cumulative health impacts. Indeed, with such an array
of associated risks it appears that irradiated ground beef should be declared unsafe and unwholesome.

* Again, ground beef is potentially covered by the pending food additive petitions 9M4697 and
OM4695.
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Additional concerns apply to other irradiated foods as well, such as potatoes, discussed.below.

Study 3. Human study finding elevated hemoglobin.® As part of the report of her Ph.D.
research, Jaarma assessed the impact of eating irradiated potatoes over 14 weeks on seven hematologically
~ healthy volunteers (4 m and 3f). The report states:

An increased concentration of hemoglobin, especially in the first period of the
investigation, was observed in all the individuals... [H]emoglobin values were
significantly higher during the [feeding] period than before [the feeding period]...
An additional comparison of the values before with the values after shows that a
small effect still remains.

While unpublished, the study was from a reputable Swedish university and is one of the very few human
studies involving irradiated foods. It was one in which several women were subjects, whereas most of the
human study subjects have been male. Further, the results showing elevated hemoglobin had high statistical
significance.

Study 4. Pig study finding elevated hemoglobin.® Study 3's findings were corroborated by this
published study by Jaarma and Bengtsson, in which elevated hemoglobin levels again were found, most
markedly in breeding female pigs (sows) fed irradiated potatoes over 18 weeks, compared to a control
group (p. 117 therein, Fig. 2). The effect was marked during the sows’ pregnancies. According tothe
authors (p. 123):

¥ Jaarma, M. 1967. Studies of chemical and enzymatic changes in potato tubers and some
higher plants caused by ionizing radiation, including studies on the wholesomeness of y-irradiated potato
tubers and effects on some carbohydrates in vitro. Akademisk Avhandling, Som med tillstand av
kungl. Universitetets 1 Stockholm (Ph.D. dissertation.). This study was not considered in FDA’s 1586
omnibus irradiation ruling, nor was it included in FDA’s bibliography of irradiation studies that
supported it, although FDA in the past has considered unpublished studies in its safety assessments. The
study is cited in an important review paper, P.C. Kesavan and M.S. Swaminathan. 1971. Cytotoxic
and mutagenic effects of irradiated substrates and food material. Radiation Botany 253:-281. The
particular section of the Jaarma paper called “Studies on haemotological effects of y-irradiated potatoes
on human volunteers” begins at p. 13.

¢ Jaarma, M, and G. Bengtsson. On the wholesomeness of y-irradiated potatoes - II. Feeding
experiments with pigs. Nutr. Dieta 8:109-129
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The appreciably faster increasing haemoglobin levels, and the higher final
concentrations, which were noted for one or several animals in nearly all of the I
[irradiated potato diet] groups, is difficult to explain. The phenomenon is not
necessarily a coincidence.

Study 5. Population study indicating human stillbirths associated with elevated
hemoglobin.” Thisis a fundamentally important recent Swedish population-based case control study on
‘the implications of high hemoglobin for pregnant women. Reported in the Journal of the American
Medical Association, the conclusion of nine years of research on the outcomes of the pregnancies of more
than 1,400 women was:

High hemoglobin concentration at first measurement during antenatal care appears
to be associated with increased risk of stillbirth, especially preterm and small-for-
gestational-age (SGA)} antepartum stillbirths.

Earlier studies showed arelationship between high matemal hemoglobin levels and low birth wei ght, as well
as a connection between high hemoglobin levels and hindered circulation in the placenta.®

If consumption of irradiated potatoes causes clevated hemoglobin levels in people generally, and in
pregnant sows, as Jaarma et al. found in Studies 3 and 4, above, then the findings of Study 5 indicate that
consumption of irradiated potatoes by pregnant women would be arisk factor for stillbirths. Particularly
initsreview of the sweeping FAP 9M4697, which includes use of ionizing radiation for both raw and pre-
processed vegetables, fruits, and other agricultural products of plant origin, and multi-ingredient food
products, FDA must ensure that it does not permit an easily avoidable national tragedy to occur in the form
ofan elevated rate of U.S. stillbirths. An array of additional hemoglobin testing for consumption of potatoes
and the many other foods that may be irradiated under that petition must be required first. The needed
research should emphasize potential effects on pregnant mammals, although it should not be limited to
reproductive effects as elevated hemoglobin also can cause an array of other problems, such as blood
thickening, bone marrow dysfunctlon increasing numbers of clot-forming platelets, and an enlarged liver
or spleen.’ :

7 Stephansson, Q., P.W. Dickman, A. Johansson, and S. Cnattingius. 2000. Maternal .
hemoglobin concentration during pregnancy and risk of stillbirth. JAMA 284:2611-2617.

¥ Acta Obstetrica Gynecologica Scandinavica. 1990. 69:127-133.
? See the Merck Manual on hemoglobin, online at www.merck.com .

6
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The connection between human stillbirths and elevated hemoglobin was not medicaily established when
FDA conducted its earher reviews of irradiation, but FDA must not overlook it now. Three mice and rat
studies enclosed with our May 16, 2001, comments on these pending irradiation petitions did find elevated
rates of stillbirths and other pregnancy failures in lab animals that ate irradiated diets, such as the Bugyaki
etal. study.'” However, hemoglobin levels were not fully assessed in those studies, thus any contribution
such levels may have made to the observed stillbirths remains unanalyzed."’

Study 6. OECD study on genetic effects produced by irradiated food.'? This was an carly
and useful report of available data on genetic effects (mutations and chromosome aberrations) in various
organisms after ingesting irradiated foods. The sections of the report on mammals (pp. 7-11), that
document positive genetic effect findings never have been adequately addressed by FDA. Effects in mice
and rats associated with irradiated diets include cell aberrations, lymphopenia, and dominant lethal
mutations. Several of these mutagenicity findings were confirmed in later publications cited in our May 16,
2001, comments on the five pending petitions. '

The QOECD study concluded (pp. 15-16) that while certainty regarding likely effects of irradiated food on
humans was elusive based on the data then available:

Hitherto available data indicate, however, that increased rates of mutation and
chromosomal aberrations will probably be induced in certain cases. Although

' Study 2 in the May 16, 2001, comment: Bugyaki, L., A.R. Deschreider, J. Moutschen, M.
Moutschen-Dahmen, A. Thijs, and A. Lafontaine. 1968. Do irradiated foodstuffs have a radiomimetic
effect? I1. Trials with mice fed wheat meal irradiated at 5 Mrad. Atompraxis 14:112-118; see also
Study 3, therein: Moutschen-Dahmen, M., Moutschen J., and L. Ehrenberg. 1970. Pre-implantation
death of mouse eggs caused by irradiated food. International Journal of Radiation Biology 18:201-
216, and Study 12, Vijayalaxmi and K.V. Rao. 1976. Dominant lethal mutations in rats fed on
irradiated wheat. Int. J. Radiat. Biol. 29:93-98.

' The extent to which mice and rat hemoglobin levels are indicative of correlations in humars is
unclear, whereas pigs likely are a better indicator for humans.

'2 Organization for Economic Cooperation and Development (OECD), Steering Committee for
Nuclear Energy, Study Group on Food Irradiation. 1965. Genetic effects produced by irradiated food
and food components. SEN/IR (65)15. Unpublished report by G.T. Scarascia-Mugnozza, A.T.
Najaran, and L. Ehrenberg. Paris, France. This is the best copy available.

" See, e.g., the positive studies cited in footnote 10, above.

7
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experiments indicate that the genetical effect, in cases where it is induced, is
relatively small compared to the effect of direct exposure of animals to radiation, the
same experiments indicate that the possible effect will not be negligible.

Rather than being refuted by subsequent evidence, the OECD)’s statement regarding likely induction of
mutations and chromosomal aberrations has been confirmed in many studies, cited in this and our earlier
comments.

We now turn back to (pre-trans fat) nutritional issues surrounding irradiated foods, based on thou ghtful
reviews of the nutrient destruction caused by the technology. The reviews were carried out several years
ago, reported in two book chapters attached hereto, but FDA has never addressed them.

Study 7. Nutrition chapter of Food Irradiation - Who Wants It?* This 1986 review focuses
onreported vitamin losses and concludes they are significant. Key quotes that are particularly relevant as
FDA considers the sweeping “ready to eat” petition (FAP 9M4697) and its implications for many types .
of food that together amount to approximately one-third of the typical American diet are:

Losses of 20 to 80% are not uncommon and there are still many gaps in the
available scientific data....No studies anywhere have assessed whether there will be
a significant impact either on the population as a whole or on vulnerable groups
within the population. (p. 51)

The food can thus undergo initial losses on irradiation, accelerated losses during
storage, and additional losses because of longer storage times, and then lose further
vitamins in cooking. (p. 52} °

The authors noted that the common irradiation industry argument that impacts on population-wide dietary
sufficiency would be unlikely because people were not expected to eat much of the food “is dangerously
close to saying that irradiated food is all right as long as you don’t eat it!” In considering FAP 9M4697,
FDA no longer has the luxury of making that assumption.

" Webb, T., T. Lang, and K. Tucker. 1987. Food Irradiation - Who Wants It? Thorsons
Publishing, Wellingborough, England. Chap. 4. Wholesomeness of irradiated food.

8
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Study 8. Nutrition chapter of Biology of Food Irradiation.'> The attachnient isthe bulk of
achapter from the important 1990 synthesis of the irradiation studies by food chemist D.R. Murray. He
states his case succinctly:

Disproportionate and selective losses of essential nutrients occur in foods as a
consequence of irradiation. (p. 78)

Therest of the chapter supports this in a tour de force analysis of negative impacts on fatty acids, vitamins,
amino acids, carbohydrates and other essential components, including in combination with cooking, that
FDA mustaddress. In considering the evidence as FDA assesses the foreseeable nutritional impacts posed
by, in particular, the sweeping “ready to eat” food additive petition, we request the agency torespond to
the following questions:

- 1. What would be the impacts of irradiation as pfoposed in the petition on each important vitamin
and other nutritional component in each different food type that is included?

- 2. What would be the projected national rates of consumption of each different food type
included in the petition after foresecable market penetration of the product, e. g., after 5-10 years of
marketing? '

- 3. How would this projected future consumption vary across age, cthnic, gender, economic
status, education status, and other variables in the American population?

- 4. To what extent would the various population groups likely be affected by the
nutritional/vitamin impacts identified under question 1., above?

In conclusion, neither you nor American consumers can be reassured that irradiated food is safe and
wholesome in view ofthe combined evidence indicating health and nutrition impacts, as detailed in this and
inour previous five sets of comments on the pending petitions. FDA simply cannot ignore scientific papers
- showing doubled trans fat, elevated hemoglobin, mutagenicity, nutrient destruction, and other harms.
Public hearings are needed to address the health and nutrition issues we have raised, which could affect tens
of millions of consumers, many unknowingly, in particular the potential impacts on pregnant women,

s Murray, D.R. 1990. Biology of Food Irradiation. Research Studies Press Ltd. Staunton,
UK. Chap. 4. Radiolytic products and selective destruction of nutrients. Note: pp. 72-78 are omitted.
Unfortunately, the appended copy includes some underlining, but the book is out of print and this is the
best version available. : '
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children, and other vulnerable populations.

Thank you for your consideration of this comment in opposition to the above-referenced food additive
~ petitions. We also request to meet with you personally on this matter. To arrange a meeting please contact
Peter T. Jenkins, Policy Analyst; tel: 202.547.9359 x13; email: peterjenkins(@icta.org.

Sincerely,

Andrew Kimbrell, Director
Center for Food Safety
660 Pennsylvania Ave., S.E.

Suite 302
Washington, DC 20003

Attachments (8 tabbed studies)

cc: FDA Food Additive Petition Docket No.s: 99F- 5522 01F-0047: 99F-4372; 99F- 5321 99F-
5322 (with attachments)
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Abstract

In order to give the consumer the assurance that meat processed by irradiation is a safe product, a great deal of
research has been developed in the world. The effect of irradiation on the hygienic quality of meat and meat products is
considered as related to the control of meat-borne parasites of humans; elimination of pathogens from fresh meat and
poultry; and elimination of pathogens from processed meat. Lipid oxidation and associated changes are the major
causes of the quality deterioration of meat during storage. Irradiation of lipids induces the production of free radicals,
which react with oxygen, leading to the formation of carbonyls, responsible for alterations in food nutritional and
sensortal characteristics. Trans fatty acids are present in ground beef and can also be formed during its processing.
Interestingly, the trans fatty acids, due to their chemical and physical characteristics, show more resistance to the
oxidizing process. This property motivated us to investigate the level of the trans fatty acids, as well as the level of
oxidation in irradiated ground beef. Irradiation of ground beef was performed by gamma rays from a *®Co source. The
applied radiation doses were (; 1.0; 2.0; 3.0; 4.0; 5.0; 6.0; 7.0 and 8.0kGy. Lipid peroxidation in terms of TBA number
and carbonyl content was monitored during storage. The sample characteristics and trans fatty acids composition were

measured, following irradiation and after 60 and 90 days of storage at —10°C. @ 2002 Published by Elsevier Science
Ltd.

Keywords: Gamma-radiation; Lipids; Ground meat; Irradiated food

1. Introduction the other hand, irradiation treatment brings about some

biochemical changes that could affect the nutritional
adequacy of foed (Giroux and Lacroix, 1998).
Typical composition of ground beef is about 18%

Among the existing technologies for food preserva-
tion, irradiation of food is recognized as a safe and

effective method for a range of specific applications.
lonizing radiation uses the high energy of gamma rays
or accelerated electrons, thereby ionizing molecules. The
use of this treatment on fresh meat could extend shelf
life and protect the host against pathogenic bacteria. On

*Corresponding author. Fax: + 55-11-3816-9186.
E-mail addresses: msavoy@net.ipen.br (M S, Brilo), villa-
vic@net.ipen.br (A.L.C.H. Villavicencio).

lipids and its fatty acids content is divided into 46%
saturated, 51% mono-unsaturated and 3% poly-unsa-
turated (Johnson et al., 1994).

Some of the fatty acids found in meat play important
roles in metabolism. Recent interest in ¢rans fatty acids
(TFAs) was sparked off by epidemiological evidence
linking trans fatty acids to higher plasma total choles-
terol and low-density-lipoprotein (LDL) cholesterol and
increased the incidence of coronary heart disease (CHD)
(Fritsche et al., 1988).

096%-806X/02/$ - see fronl matter {© 2002 Published by Elsevier Science Ltd.

PII: 50969-806X(01)00647-8
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The present study investigated the level of the trans
fatty acids, as well as the level of oxidation, in irradiated
ground beef.

2. Experimental
2.1. Samples

Samples of ground beef were purchased locally in Sao
Paulo, Brazil.

2.2, Irradiation

Irradiation took place in a ®°Co Gammacell 220
(A.E.C.L)) installed in Instituto de Pesquisas Energ-
éticas e Nucleares (IPEN)- Sio Paulo, Brazil. The
applied radiation doses were 0, 1, 2, 3, 4, 5, 6, 7 and
8kGy with a dose rate of 5.8 kGy/h. The samples were
irradiated at 25°C (room temperature).

2.3. Lipid analysis

After irradiation the fatty acids of ground beef were
extracted according to Folch et al., 1957, The extraction
was done after 60 and 90 days of storage, in order to
verify the effects of storage time upon the fatty acids
level,

2.4. Trans fatty acids analysis
The fatty acid composition was determinated on the

lipid extrazts after methylation with sulfuric acid and
ammonium chloride (Hartman and Lago, 1973). The

fatty acid methyl esters (FAME) were analyzed using a
CG-500 chromatograph, equipped with fused silica
capillary column SP-2560 (100m, 0.25mm) and flame
ionization detector (FID). Nitrogen was used as the
carrier gas. Thermal gradient ranged from 150 to 230°C
at 6°C/min. Injector and FID temperature was 250°C.
Heptadecanoic acid (C17, Sigma) was added to all
samples as an internal standard before the preparation
of FAME.

2.5, Staristical analysis

Statistical analysis was developed using a GraphPad
Instat, 2.01 version, GraphPad Software.

3. Results and discussion

The major components of lipids from ground beef
usually are triacylglycerides and glycerolphospholipids
(phospholipids) that may be accompanied by sterols and
their esters, fatty acids, sphingolipids, hydrocarbons,
etc. Fatty acids range from CI12 to C24 in chain length.
C16 palmitic acid usually is the major saturated fatty
acid, and oleic C18:1 and linoleic C18:2 are the major
unsaturated fatty acids.

The fatty acids composition after different storage
time for each irradiation doses is presented in
Tables 1-3. The main trans fatty acid group in ground
beef is 18:1. The above results for 18:2 support the
observation of Scholfield et al. {1963), that the irradia-
tion observation of the trans bond in a poly-unsaturated
system is suppressed by the other cis and frans ethylenic
bonds in the molecule.

Table i

Fatty acid composition of non-irradiated ground beef

Fatty acids 0 days 60 days 90 days
14:00 2.531+0.19 2.3440.19 2.53+0.19
16:00 25344009 25.2+0.09 25.184+0.09
18:00 7.2840.10 7.244-0.10 7.441+0.10
Saturated fatty acid 35.15+0.21 34784021 35.1540.21
16:01 1.9140.04 1.884+0.04 1.82+0.04
18:1 n-9 37.0740.36 36.77+0.36 36.34+0.36
18:2 n-6 23.09+0.56 24.06+0.56 24,08 +0.56
i8:3 n-3 0.9540.03 0.92+0.03 0.894+0.03
20:3 n-6 0.53+0.02 0.52+0.02 0.4910.02
20:4 n-6 0.62+0.02 0.58+0.02 0.5740.02
22:5n-6 0.39+0.05 0.31+0.05 0.31+0.05
22:6 n-3 (0.29+0.03 0.2940.03 0.35+0.03
Unsaturated fatly acid 64.85+0.28 65331028 64.854+0.28
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Table 2

Fatty acid composition of ground beef at 4 kGy

fatty acids 0 days 60 days 90 days
14:00 2.4340.09 2.3440.09 2.53+0.09
16:00 25.3440.08 2524008 25.18+0.08
18:00 7.68+40.22 7.241+0.22 7.44+0.22
Saturated falty acid 3545 +0.33 34.784+0.33 35.15%0.33
16:01 [.981+0.35 1.98 £0.35 1.92+0.35
18:1 n-9 35.57+0.40 34771040 35.0440.40
18:2 n-6 20.2910.13 20,0610.13 20.08+0.13
18:3 n-3 0.9940.00 0.99+0.00 0.98 +0.00
20:3 n-6 0.57+0.04 0.52+0.04 0.49+0.04
20:4 n-6 0.75+0.10 0.58+0.10 0.57+0.10
22:5 n-6 0.29+0.02 0.3140.02 0.2710.02
22:6 n-3 0.19+0.02 0.19+0.02 0.1510.02
Others 3.9240.99 5.824+0.99 5.3540.99
Unsaturated fatty acid 64.5540.33 65.224+0.33 64.85+0.33
Table 3

Fatty acid composition of ground beef at 8 kGy

Fatty acids 0 days 60 days 90 days
14:00 2631015 2.3440.15 2.53+0.15
16:00 25.3440.18 25.240.18 249814018
18:00 7.68+0.22 7244022 74440722
Saturated fatty acid 35654046 34.784+0.46 34.9540.46
16:01 1.88+0.03 1.884:0.03 1.82+0.03
18:1 n-9 31.571063 36.7740.63 30.31+0.63
18:2 n-6 18.29+0.12 18.06 +0.12 18.08+0.12
18:3 n-3 0.9510.03 0.92+0.03 0.89+0.03
20:3 n-6 0.571+0.04 0.5240.04 0.4940.04
20:4 n-6 0.75+0.10 0.58 + 0.10 3.5740.10
22:5 n-6 0.694+0.21 0314021 0.31+0.21
Others 9.65+1.69 12.18+1.69 12.85+1.69
Unsaturated fatty acid 64.3540.53 65.2240.53 65.3240.53

There is a decrease of fatty acid and an increase of
trans fatty acid which occur due to a change in
melecular structure of fatty acid, breaking down double
bonds, forming free radical and trans fatty acids.

The results showed an increase in trans fatty acids
related to the increase on irradiation dose in ground
beef. These results also showed that irradiation induces
the trans fatty acids formation (Table 4).

Irradiation is a physical method of food processing,
consisting of exposing food to ionizing radiation during
a limited period of time (Olszyna-Marzys, 1998). The
autoxidative process induced by ionizing irradiation in
fat is the same as that which occurs in other food

processing. However, with irradiation, it is quite
accelerated (ICGFI, 1992),

Low irradiation doses (< 10kGy) can kil} at least
99.9% of Salmonella in meats and even higher
percentage of Escherichia Coli 0157:H7 (Oslon, 1998).
But irradiation is known to generate hydroxyl radicals
that can initiate chain reactions of lipid oxidations in
aqueous and oil emulsion systems. Irradiation could
produce a large amount of hydroxyl radicals in meat
because over 75% of muscle cells are composed of water
(Thakur and Sigh, 1995). Irradiation was conducted on
fresh-trimmed meat, which incorporated a minimum of
fat. It is known that autoxidation of unsaturated fats
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Table 4

Levels of trans fatty acids at different radiation doses, analyzed after irradiation after 60 and 90 days of storage at —10°C

DOSE (kGy) % Trans fatty acids

Storage time (days)

4] 60 90
0 4.60+0.3] 4.40+0.31 5.00+0.31
1 8.00+0.00 8.001+0.00 8.00+0.00
2 8.50+0.25 8.30+0.25 8.00%£0.25
3 8.00+0.00 8.00+0.00 8.00+0.00
4 8.5040.29 8.00£0.29 8.504+0.29
3 8.50+0.29 8.50+0.2% 8.00+0.29
6 9.50+0.12 9.30+0.12 9.50+0.12
7 9.50+0.00 9.50+0.00 9.50+0.00
8 11.60+0.50 10.501+0.50 10.00+0.50
does not normalily take place in animal cells, because it is References

kept in check by the inhibitory antioxidants (Hampson,
1996).

Irradiation continues to offer a well-known and very
useful method of producing radicals and of studying
their important reactions for biology, both in vitro and
in vivo (Pryor, 1978). The results show that although
there is an increase of frans fatty acids there is
also a decrease in linoleic acid due to oxidation of lipid
(Tables 1-3).

The fatty acids are quite susceptible to oxidative
process, because the hydrogen of carbons adjacent to
double bonds can be replaced by radical species with
higher reactivity or through energetic activation like
heat, luminosity and ionizing radiation, that induced the
production of frans fatty acids.

4. Conclusions -

Although the gamma radiation has been an excellent
method to conserve meat, the molecular structure of this
meat can be changed, and this fact is observed in this
paper. The total trans fatty acids in non-irradiated
ground beef is smaller than the irradiated one. The
extraction done in samples irradiated after 90 days of
storage is stmilar to the extraction done at the day of
storage.

The increase of trans fatty acids in the irradiated
ground beef is one of the important factors that can be
considered in the irradiation process.
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TABLE 1 Trans Fatty Acid Content in Term Human Milk of Women in the United States
and Canada

Study . .
Population/Stage Content in Human Milk
Reference of Lactation” Trans Fatty Acid % of Total Fatty Acids % of Total Energy”
Gibson and 120 women, 40—  16:1 Trace Trace
Kneebone, 1981 45dpp 18:1 ~10 ~5.46
Chappell et ai., 7 women, 1-37d  18:1(9) 2604 1.42
1985 PP 18:1(7} 0.110.03 0.05
18:1(5) 0.1 £0.04 0.05
18:2(6) ¢t +1,c° 01204 0.05
Total 29 1.57
Chen et al., 1995a 198 samples, 3-4 Total trans 7.19+3.03 3.92
weeks pp
Innis and King, 103 women, 2 Total trans 7.1+0.32 3.88
1999 mo pp

¢ pp = postpartum.
b Calculated using the following values: 40g fat/L milk, 8.87 kcal/g fat, 650 kcal/L milk.
° ¢t +t,c = cis, trans and trans, cis.

Early reports suggested a wide range of trans fatty acid intakes, 2.6 to 12.8 g/day (Emken,
1995). The lower estimated intakes tended to be derived from food frequency data, whereas the
higher estimated intakes tended to be derived from food availability data. More recent data from
food frequency questionnaires collected in the United States suggest average trans fatty acid
intakes of 1.5 to 2.2 percent of energy (Ascherio et al., 1994; Hu et al., 1997) or 5.2 percent of
total dietary fat (Lemaitre et al., 1998). Intakes of about 1 to 2 percent of energy have been
reported for women in Canada, although the range of intake was wide (Elias and Innis, 2001,
2002). Most recently, trans fatty acid intake was estimated using data from the Continuing
Survey of Food Intakes by Individuals (Allison et al., 1999). The mean ¢rans fatty acid intake for
the U.S. population aged 3 years and older was 2.6 percent of total energy intake.

ADVERSE EFFECTS OF TRANSFATTY ACIDS
Hazard Identification

Total and Low-Density Lipoprotein Cholesterol Concentrations

Prior to 1980 there was generally little concern about the trend toward increased
consumption of hydrogenated fat in the U.S. diet, especially when the hydrogenated fats
displaced fats relatively high in saturated fatty acids (Denke, 1995). During the early 1980s
studies showed a hypercholesterolemic effect of trans fatty acids in rabbits (Kritchevsky, 1982;
Ruttenberg et al., 1983). Renewed interest in the topic of hydrogenated fat in human diets, or
more precisely trans fatty acid intake, started in the early 1990s. The availability of a
methodology able to distinguish the responses of individual lipoprotein classes to dietary



modification expanded the depth to which the topic could be readdressed. A report from the
Netherlands suggested that a diet enriched in elaidic acid (a subfraction of 18:1 zrans), compared
to one enriched in oleic acid (18:1 ¢is), increased total and low-density lipoprotein (LDL)
cholesterol concentrations and decreased high-density lipoprotein (HDL) cholesterol
concentration, hence resulting in a less favorable total cholesterol/HDL. cholesterol ratio
(Mensink and Katan, 1990). Consumption of a diet enriched with saturated fatty acids resulted in
LDL cholesterol concentrations similar to those observed afier subjects consumed a diet high in
elaidic acid, but HDL cholesterol concentrations were similar to those observed after subjects
consumed the diet high in oleic acid. A number of studies on the topic have been published since
then and have reported that hydrogenated fat/trans fatty acid consumption increases LDL
cholesterol concentrations (Aro et al., 1997; Judd et al., 1994, 1998; Louheranta et al., 1999,
Miller et al., 1998; Sundram et al., 1997) (Tables 2, 3, and 4). Recent data have demonstrated a
dose-dependent relationship between frans fatty acid intake and the LDL:HDL ratio and when
combining a number of studies, the magnitude of this effect is greater fortrans fatty acids
compared to saturated fatty acids (Figure 1) (Ascherio et al., 1999).

Similar to the metabolic/clinical trial data, studies in free-living subjects asked to substitute
hydrogenated fat for other fat in their habitual diet resulted in higher concentrations of total and
LDL cholesterol (Table 4) (Nestel et al., 1992b; Noakes and Clifton, 1998; Seppinen-Laakso et
al., 1993).

1.29 £0,05
®
1.0+
0.8+
0.6 P=0.001 P<0.001

e

Changa in LDLHDL Cholestarol

Percentage of Energy from Fat

FIGURE 1 Change in the low-density lipoprotein (LDLYhigh-density lipoprotein (HDL) cholesterol concentration
with increasing energy intake from saturated and trans fatty acids. Solid line represents the best-fit regression for
trans fatty acids. Dotted line represents the best-fit regression for saturated fatty acids. Reprinted, with permission,
from Ascherio et al. (1999). Copyright 1999 by the Massachusetts Medical Society.
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High-Density Lipoprotein Cholesterol Concentrations

The data related to the impact of hydrogenated fat/trans fatty acids compared to
unhydrogenated oil /cis fatty acids on HDL cholesterol concentrations are less consistent than for
LDL cholesterol concentrations (Tables 2, 3 and 4). As reported for LDL cholesterol
concentrations, the effect of hydrogenated fat/trans fatty acids on HDL. cholesterol
concentrations, if present, is likely to be dose dependent (Judd et al., 1994). The preponderance
of the data suggest that hydrogenated fat/trans fatty acids, relative to saturated fatty acids, result

——-in lower HDI. cholesterol -concentrations (Ascherio et al ,_1999; Zock and Mensink, 1996; Zock

etal., 1995). Because of the potentially differential effects of hydrogenated fat/trans fatty acids
on LDL and HDL cholesterol concentrations, concern has been raised regarding their effect on
the total cholesterol or LDL cholesterol: HDL cholesterol ratio (Ascherio et al., 1999). However,
with respect to dietary fat recommendations, the strategy to improve the total cholesterol or LDL
cholesterol:HDL cholesterol ratio would not be different from that to decrease LDL cholesterol
concentrations.

Lipoprotein(a) Concentrations

Lipoprotein(a) (Lp(a)) concentrations in plasma have been associated with increased risk for
developing cardiovascular and cerebrovascular disease, possibly via inhibition of plasminogen
activity (Lippi and Guidi, 1999; Nielsen, 1999; Wild et al., 1997). Lp(a) is a lipoprotein particle
similar to LDL with respect to its cholesterol and apolipoprotein B100 content, but it also
contains an additional apolipoprotein termed apo(a) (Lippi and Guidi, 1999; Nielsen, 1999).
Lp(a) concentrations have been reported by some investigators to be increased after the
consumption of diets enriched in hydrogenated fat/trans fatty acids (Tables 2, 3, and 4)
(Almendingen et al., 1995; Aro et al., 1997; Lichtenstein et al., 1999; Mensink et al., 1992;
Nestel et al., 1992b; Sundram ct al., 1997), but not all (Chisholm et al., 1996; Judd et al., 1998;
Lichtenstein et al., 1993; Louheranta et al., 1999; Miiller et al., 1998). The magnitude of the
mean increases in Lp(a) concentrations associated with frans fatty acid intake would not have a
physiologically significant effect on cardiovascular disease risk. However, an unresolved issue at
this time is the potential effect of relatively high levels of trans fatty acids in individuals with
initially high concentrations of Lp(a).

Hemostatic Factors

The effect of trans fatty acids on hemostatic factors has been assessed by a number of
investigators (Almendingen et al., 1996; Mutanen and Aro, 1997; Sanders et al., 2000; Turpeinen
et al., 1998; Wood et al., 1993b) (see Table 5). In general, these researchers have concluded that
hydrogenated fat/trans fatty acids had little effect on a variety of hemostatic variables. Similarly,
Miiller and colleagues (1998) reported that hemostatic variables were unaffected by the
substitution of a vegetable oil-based margarine relatively high in saturated fatty acids when
compared to a hydrogenated fish oil-based margarine.

Susceptibility of Low-Density Lipoprotein to Oxidation

Hydrogenated fat/trans fatty acids have consistently been reported to have little effect on the
susceptibility of LDL to oxidation (Cuchel et al., 1996; Halvorsen et al., 1996; Nestel et al.,
1992b; Sarensen et al., 1998) (Table 5).
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Blood Pressure

A few reports addressed the issue of trans fatty acid intake and blood pressure (Mensink et
al,, 1991; Zock et al., 1993) (Table 5). The authors concluded that consumption of diets high in

saturated, monounsaturated, or trans fatty acids resulted in similar diastolic and systolic blood
pressures.

Coronary Heart Disease

Similar to saturated fatty acids, there is a positive linear trend betweenrans fatty acid intake
and L.DL cholesterol concentrations (Judd et al., 1994; Lichtenstein et al., 1999; Zock and Katan,
1992). Some evidence also suggests that trans fatty acids result in lower HDL cholesterol
concentrations (Table 6). Hence, the net result is a higher total cholesterol (or LDL
cholesterol):HDL cholesterol ratio (Judd et al., 1994; Lichtenstein et al., 1999; Zock and Katan,
1992). This finding, combined with data from prospective cohort studies {Ascherio et al., 1996;
Gillman et al., 1997; Hu et al., 1997; Pietinen et al., 1997; Willett et al., 1993} (Table 6), has lead
to the concern that dietary frans fatty acids are more deleterious with respect to coronary heart
disease than saturated fatty acids (Ascherio et al., 1999).

Summary

There is a positive linear trend between trans fatty acid intake and total and LDL cholesterol
concentration, and therefore increased risk of CHD, thus suggesting a Tolerable Upper Intake
Level (UL) of zero. Because trans fatty acids are unavoidable in ordinary diets, achieving such a
UL would require extraordinary changes in patterns of dietary intake. Such extraordinary
adjustments may introduce other undesirable effects (e.g., elimination of foods, such as dairy
products and meats, that contain frans fatty acids may result in inadequate intakes of protein and
certain micronutrients) and unknown and unquantifiable health risks may be introduced by any
extreme adjustments in dietary pattern. For these reasons, no UL is proposed. Nevertheless, it is
recommended that trans fatty acid consumption be as low as possible while consuming a
nutritionally adequate diet.
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STUDIES OF CHEMICAL AND ENZYMATICAL CHANGES
IN POTATO TUBERS AND SOME HIGHER PLANTS CAUSED
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WHOLESOMENESS OF »IRRADIATED POTATO TUBERS
AND EFFECTS ON SOME CARBOHYDRATES IN VITRO*

MAIRE JAARMA

Biokemiska institutionen, Kungl. Universitetet i Stockholm,
Stockholm, Sweden

This report is a survey of the publications listed below, which will be re-
ferred to by their Roman numerals I—XV. In addition some data from
hitherto unpublished work are presented. The results concerning the influ-
ence of ionizing radiation on the different material studied will be discussed.

L Jaarma, M.: Effects of chronic¢ gamma irradiation on some sugers in Vicia
faba. Suomen Kemistilehti B 28 (1955) 40—45;

II. Jaarma, M.: Influence of ionizing radiation on potato tubers. .irkiv Kemi 13
(1958) 97--105;

HI. Jaarma, M.: The use of 119Ag in quantitative paper chromatography of
sugars. Acta Chem. Scand. 8 (1954) 860—862;

IV. Jaarma, M.: Influence of y-irradiation on UDPglucose-fructose glucosylirans-
ferase in potato tubers. Acta Chem. Scand. 20 (1966) 594—596;

V. Jaarma, M.: Influence of y-irradiation on pg-fructofuranosidase in potato
tubers. Acta Chem. Scand. 20 (1966) 592—594;

VL. Hasselquist, H. and Jaarma, M.: Diinnschicht-chromatographische Bestim-
mung der Askorbinsiure in Kartoffelknollen. Acta Chem. Scand. 17 (1963)
529---533;

VII Jaarma, M.: The influence of ionizing radiation on the proline content in
potato tubers. Acta Chem. Scand. 20 (1966) 323—327;

VIII. Jaarma, M.: Studies on some chemical, enzymatical and physiological
changes in plant material caused by vy-irradiation. Arkiv Kemi, in press;

IX. Jaarma, M.: Influence of ionizing radiation on oxidative phosphorylation,

' adenosinetriphosphatase and apyrase in potato tubers. Acta Chem. Scand.
in press;

K. Jaarma, M.: Effects of ionizing radiations on inhibition of sprouting and
biochemical and physiological changes in potato tubers. Risé Report No. 16
(1960) 70—72;

XI. Ehrenberg, L., Jaarma, M., and Zimmer, E. C.: The influence of water con-
tent on the action of ionizing radiation on starch. Acta Chem. Scand. 11
(1957) 950--956; '

XIl. Jaarma, M.: Determination of fatty acid composition in some pig fats by
gas chromatography. Acta Chem. Scand. 18 (1964) 300—306;
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and XIV) are: general health of the animals, growth rate, fertility, haema-
tology, and activities of the enzymes ornithine carbamoyltransferase (E.C.
2.1.1.3) (OCT), aspartate aminoiransferase (E.C. 2.6.1.1) (GOT), and ala-
nine aminotransferase (E.C. 2.6.1.2) (GPT) in blood and liver of pigs.
Histopathological investigations of organs were also performed. XV inclu-
des, moreover, studies on rats fed irradiated polatoes for three generations.
The tendency towards faster growlh rates of rats fed irradiated potatoes
could be almost eliminated by adding sucrose to the control tubers in
amounts corresponding fo the increase caunsed by irradiation (XV, Fig. 2).
Contrarily to the reaction in pigs (XIII, XIV), the tendency to an increased
growtih rate in rats fed irradiated potatoes was completely eliminated when
steamed potatoes were fed (XV, Fig. 3). It should, however, be kept in mind,
that also the changed amounts of amino acids (VII and VIIT) could have
been reflected in the growth rates of the animals. Thus, Burns ef al. (63)
have found a significantly increased growth rate in female rats fed irradiated
potatoes which were steamed after irradiation.

No significant differences were observed in the activities of the enzymes
investigated (OCT, GPT, GOT) between animals of the two groups. In
other respects, too, the animals fed irradiated potatoes responded similarly
to the animals fed control potatoes. Only two exceptions were found. The
one was the different growth rates mentioned above, the other was a ten-
dency towards faster increase of haemoglobin concentration in pigs fed
irradiated potatoes (XIII, XIV), It shoiﬂd, however, be noted that the latter
tendency is not common for all the pigs given the irradiated diet, but is
found in certain individuals only. The reason for this varying reaction is
still not clear. No corresponding haematological effect could be observed in
rats (XIII, XV). In the blood of rats fed irradiated potatoes an increased
level of some amino acids was, however, observed (VIID).

In spite of careful and long-term feeding investigations with animals, one
could not be sure of the human reactions on irradiated potatoes. In the
US Army, the-Army Medical Service performed human feeding tests, which
were reported in 1960 (64). 54 different foodsiuffs were irradiated, most
of them with doses of several megarads, including white potatoes irradiated
at 10 and 20 kilorad, respectively. A total of 33 men, aged 19 to 24, partici-
pated in these tests. Each person consumed 9 or 10 irradiated foodstuffs
for 15 days. During each study, and for a period of one year thereafter,
each individual was carefully examined medically. No toxic effects whatso-
ever from irradiated foods were observed in the human test subjects, either
during feeding or later.

Studies on haemalological effects of v-irradiated potatoes on human
volunteers

In this investigation the normal blood values cf seven haematologically
healthy volunteers (4 males and 8 females) were determined in two succes-
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2 4 6 8 10 12 14
Weeks on irradiated potatoes

Fig. 2. Haemoglobin levels in blood of the human volun-
teers. Solid lines: during the period on irradiated pota-
toes; dashed lines: afterwards; arrow: mean of haemo-

globin levels in two successive blood samples (one week
interval),

sive blood samples taken by v..i puncture, the one before onset of the
potato diet, the second 10 days later. The percentage of haematocrit and
haemoglobin as well as differential counts were determined, During the
10-day period non-irradiated potatoes (100—150 g/individual and day)
were included in the normal diet of the volunteers. Thereafter the con-
trol tubers in the diet were replaced by the same amount of irradiated
tubers (dose 14 kilorad), stored for at least two weeks after irradiation.
Samples of blood were taken every second week and the delerminations
mentioned above were repeated. After 14 weeks, the irradiated potatoes
were excluded from the diet and control tubers were given for further two
weeks. In the next period blood was taken iree times, first weekly and
then one month later. From Fig. 2 it seems that all persons did not react
in the same way, although no significance for interaction was found: see
Table 1. An increased conecentration of haemoglobin, especially in the first
period of the investigation, was observed in all the individuals. The haema-
tocrit concentrations are recorded in Table 2. The fluctuations were fairly
parallel with those of haemoglobin. The differential counts were normal
during the investigatior period. Because of the varying haemoglobin con-
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Table 1. Statistical analysis of haemoglobin values. a} period on control potatoes,
b) period on irradiated potatoes, ¢) period after cessation of period b.

. Sum of Degrees of
Source of variance squares frtécdom Mean square
1) Between periods a and b 5.77 1 5.77
Between individuals 111.49 6 18.58
Interaction 2.32 6 0.39
Error .50 49 0.19
Total 129.08 62
2) Between periods a and ¢ 0.89 1 0.89
Between individuals 91.43 6 15.24
Interaction 0.80 R 013
Error 3.42 28 0.12
Total ' 96.54 41
3) Between periocds b and ¢ 1.89 1 1.89
Between individuals 124.55 6 20.76
Interaction 1.46 6 0.24
Error 9.79 56 0.17
Total 137.69 69
. 5.77 18.58 . .39 5.77
1) QUOtithS. T}Tg = 304 —m = 9/.79 m = 2.05 'm = 14.79
P < 0.001 P < 0.001 P> 0.05 P <001
(1, 49) (6, 49) (6, 49) (1, 6)
. 0.89 i5.24 0.13 0.89
2) Quotients - '0—1—2 = 7.42 _0.—15 == 127.00 ‘0—1'—2'- = 1.08 m = 6-85
P < 0.05 P < 0.001 P> 0.05 P < 0.0b
(1, 28) (6, 28) (6, 28) (1, 6)
. 1.89 20.76 0.24 1.89
P < 0.005 P < 0.001 P> 0.05 P < 0.05
(1, 56) (G, H6) {6, b6) (1, 6)

centrations at different dates (a quite normal variation) and the great in-
dividual variations, the results have been statistically analyzed. By variance
analysis comparing the haemoglobin concentrations, 1:0 before and during
the “feeding” period, 2:0 during and after the “feeding” period, it was
evident that the haemoglobin values were significantly higher during the
period than before. The values were also significantly higher during than
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Table 2. Haematoerit concentrations in blecod of the persens eating
the potato diet.

Haematocrit per cent
Period
Females Males
before 41 37 40 42 44 49 45
during 42 39 41 44 48 48 47
43 39 44 45 44 49 47
42 38 40 44 48 49 44
43 39 39 45 45 46 45
40 38 40 43 44 46 45
43 39 41 42 42 45 47
490 39 40 42 45 48 48
42 39 41 43 46 47 47
after 42 39 39 43 45 45 48
40 37 40 42 45 46 43

after. An additional comparison of the values before with the values after
shows that a small effect still remains; see Table 1. When all three periods
were intercompared, P was found to be less than 0.001., The material has
also been analyzed using the Scheffé contrast method. (Thanks are due to
Mr. Géran Nilsson, Cand. Phil. and statistician by Statens Naturvetenskap-
liga Forskningsrad, who performed this analysis.) The same significances
were obtained.

It should not be overlooked that the irradiated potatoes can have diffe-
rent effects on different individuals. It should also be kept in mind that
other cooperative unknown factors could have contributed to the effect
obtained. A”study based on larger number of individuals is required before
definite conclusions can be drawn. It should be pointed out that the statisti-
cal analyses were performed, though the material was small, because the
possibilities of investigating human subjects haematologically after con-
suming irradiated potatoes are very rare. It would have been desirable,
during the same experimental period, aiso to have had a corresponding num-
ber of males and females of the same ages consuming non-irradiated tubers.
This control group should have been investigated parallel with the treated
group in order to eliminate other factors which might have influenced the
haemoglobin levels. Thus, the results should only be judged as tendencies
in spite of the high significance obtained.

The doses necessary for irreversible inhibition of the sprouting of pota-
toes are low (6—10 kilorad) as compared with doses used for food preser-
vation by irradiation (100 kilorad to several megarad). Nevertheless there
are radiation induced chemical and enzymatical changes in the tubers also
after low doses (IT—1X; cf. e.g. 48, 50). In wholesomeness studies performed
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BN ORIGINAL CONTRIBUTION

Maternal Hemoglobin Concentration
During Pregnancy and Risk of Stillbirth

Olof Stephansson, MD
Paul W, Dickman, PhD
Anna Johansson, MSe

Sven Cnattingius, MD, PhD

HE RELATIONSHIP BETWEEN MA-
ternal hematological param-
eters and pregnancy outcome
has been a source of continu-
ing controversy. In developed coun-
tries, not only maternal anemia' but
also high hemoglobin concentration
during pregnancy** has been reported
to increase the risks of unfavorable out-
comes such as small-for-gestational-
age (SGA) birth, preterm birth, and
perinatal death. The associations be-
tween hemoglobin concentration in
early pregnancy, changes in hemoglo-
bin concentration during pregnancy,
and risk of stillbirth are not known.1
In this large population-based case-
control study, we investigated the as-
sociations between the hemoglobin
concentration at the first measure-
ment during antenatal care, weekly
change in hemoglobin concentration
during early and late pregnancy, and
risk of stillbirth. Because the causes of
stillbirth are varied, we also investi-
gated hemoglobin-related risks in dil-
ferent subgroups of stillbirths.

METHODS

Description of Sample

From the population-based Swedish
Medical Birth Register,! we obtained
information on all single births to pri-
miparous women living and giving birth
within a geographically defined area in
central Sweden from 1987 through
1996. Of 220712 births, there were 725
stillbirths occurring at 28 weeks of ges-

©IV00 American Medical Association. All rights reserved.

Context High and low maternal hemoglobin concentrations during pregnancy have
been reported to increase risk of small-for-gestational-age (SGA) birth, which is a
predictor of stillbirth. The relationship between hemoglobin concentration during
pregnancy and risk of stillbirth is unclear.

Objective To study the associations among hemoglobin concentration at first mea-
surement during antenatal care, change in hemogiobin concentration during preg-
nancy, and risk of stillbirth,

Design, Setting, and Participants Population-based, matched case-control study
of births from 1987 through 1996 in Sweden inciuding 702 primiparous women with
stilibirths occurring at 28 weeks' gestation or later and 702 primiparous women with
live births,

Main Outcome Measures Risk of stillbirth, dassified as malformed or nonmal-
formed, antepartum or intrapartum, preterm or term, and SGA or non-SGA, com-
pared by maternal hemoglobin concentration at first antenatal measurement and weekly
changes in hemoglobin concentration during pregnancy, adjusted for maternal age,
body mass index, height, smoking, socioeconomic status, and week of first hemoglo-
bin measurement.

Results In multivariate analyses, compared with women with hemoglobin concen-
trations of 126 to 135 g/L at first antenatal measurement, women with concentra-
tions of 146 g/L or higher were atincreased risk of stillbirth (odds ratio {OR], 1.8,95%
confidence interval [Cl], 1.0-3.3). This risk was slightly increased when the analysis
was restricted to antepartum stillbirths without malformations {OR,2.0;95% €1,1.1-3.8).
When we further restricted the analyses to preterm and SGA antepartum nonmal-
formed stillbirths, the ORs increased to 2.7 (95% Cl.1.1-6.4) and 4.2 (95% C}, 1.3~
13.9), respectively. Excluding women with preeclampsia and eclampsia further in-
creased these risks. Average weekly change in hemoglobin concentration during early
or late pregnancy was not significantly associated with risk of stillbirth, afthough alarger
decrease in concentration tended to be protective. Anemia themoglobin concentra-
tion <110 g/L) was not significantly associated with risk of stillbirth in muftivariate
analyses (OR, 1.2; 95% Ci, 0.5-2.7).

Conclusions High hemoglobin concentration at first measurement during antena-
taf care appears to be associated with increased risk of stillbirth, espedially preterm and
5GA antepartumn stillbirths.

JAMA. 2000;284:2611-2617 WYW jama.com

tation or later. For each case, we ran-
domly selected 2 controls, matched by

mation on 702 {97%) was obtained: 10
cases were missing in the archives, 8

year and hospital of birth. Using the
unique national registration number as-
signed to all Swedish residents, the stan-
dardized antenatal and obstetric re-
cords were retrieved from each of the
25 delivery archives and examined by
one ol us (Q.5.), using a structured pro-
tocol. Of the 725 eligible cases, infor-

were incorrectly coded for delivery hos-
pital, and 5 had an incorrect national
registration number and were thereby

Author Affiiations: Department of Medical Fpide-
miclogy, Karolinska Institutet, Stackholm, Sweden.

Corresponding Auther and Reprints: Olof Stephans-
son, MD, Department of Medical Epidemiclogy, Ka-
rolinska Institutet, PO Box 281, SE-171 77, Stock-
holm, Sweden (e-mail: olof stephansson@mep.ki se).

(Reprinted) JAMA, November 22/29, 2000—Vol 284, No. 20 2611



HEMOGLOBIN VALUES AND RISK OF STILLBIRTH

impossible to trace. As for the control
births, a second control birth was in-
cluded only if the first selected con-
trol birth was not found. To obtain an
equal number of case and control births
{n=702), we included another 25 con-
trols: 24 in the first control group were
missing in the archives and 1 had an in-
correct national registration number
(retrieval rate, 96%). In 4 case and 2
control births, the mother had not re-
ceived antenatal care. In 12 cases and
4 controls, the antenatal records were
incomplete. The number of antenatal
visits ranged from 0 to 34; mean and
median number of visits were 12.2 and
12, respectively.

Information in antenatal records is
prospectively recorded from the first to
the last antenatal visit. At registration
to antenatal care, we obtained infor-
mation about maternal height, weight,
occupation, and cigarette smoking sta-
tus. During pregnancy, we repeatedly
obtained information about blood pres-
sure and proteinutia. From the obstet-
ric and pediatric records, we recorded
maternal age at delivery, gestational age
at birth (or diagnosed stillbirth), weight
at birth, and diagnosed malformations
or chromosomal abnormalities. Gesta-
tional age was estimated using early sec-
ond trimester ultrasound examina-
tion (generally before 19 gestational
weeks) when available (94% of case and
control births); otherwise, the last men-
strual period was used.

Body mass index (BMI) at registra-
tion to antenatal care was calculated as
weight in kilograms divided by the
squate of height in meters, A BMI of less
than 20.0 was categorized as lean; 20.0
through 24.9 as normal weight; 25.0
through 29.9 as overweight; and 30.0
or more as obese. Information on moth-
er's occupation was classified accord-
ing to the Swedish Socioeconomic Clas-
sification’? and grouped as blue-collar
workers, low-level white-collar work-
ers, intermediate and high-level white-
collar workers, students, and others (54
were not in the labor force, 12 were self-
employed, and B0 were not classifiable).
Maternal smoking status was catego-
rized as-no daily smoking, 1 to 9 ciga-

rettes per day, or 10 or more cigarettes
per day.

Preeclampsia and eclampsia were de-
fined according to the criteria given by
the National High Blood Pressure Edu-
cation Program Working Group Re-
port on High Blood Pressure in Preg-
nancy.'” Mild preeclampsia was defined
as gestational hypertension (blood pres-
sure =140/90 mm Hg in =2 readings
=6 hours apart, occurring after 20
weeks of gestation) accompanied by
mild or moderate proteinuria (=2 uri-
nary dipsticks with 1+ or 2+ or 300 mg
to 3 g of protein in a 24-hour urine
collection). Severe preeclampsia was de-
fined as gestational hypertension ac-
companied by severe proteinuria (=2
urinary dipsticks with 3+ or =23 g of
proteinint a 24-hour urine collection),
or gestational hypertension with a di-
astolic blood pressure of at least 110
mm Hg (in =2 readings =6 hours
apart), regardless of proteinuria,
Eclampsia was defined as seizures in a
patient with preeclampsia that could not
be atiributed to other causes,

Blood was taken for hemoglobin con-
centration estimation repeatedly dur-
ing pregnancy. The mean gestational
week of the first hemoglobin concen-
tration measurement was 10.5 for cases
and controls. There are no uniform cri-
teria for categorization of hemoglobin
measures during pregnancy. Based on
a previous report, we divided hemo-
globin concentration taken during an-
tenatal care into 5 categories.’ A sepa-
rate stratification was performed to
address the question of anemia (<110
g/L) and risk of stillbirth,* The aver-
age weekly change in hemoglobin con-
centration during pregnancy was esti-
mated separately for early and late
pregnancy petieds using simple linear
regression. The start of the early pe-
riod was identified as the week that the
first hemoglobin concentration mea-
surement was taken, and the end of the
early period was identified as the week
of gestation closest to week 25, pro-
vided it was between week 17 and week
28. The regression line for the early pe-
riod was fitted to all hemoglobin mea-
surements during the period (the mean

number of hemoglobin measuremen:s
was 2.9). The estimated weekly change
in conicentration was given by the slope
of the fitted regression line. The method
of estimating average change in hemo-
globin concentration for the late pe-
riod was similar; the start of the late pe-
riod was identical to the end week of
the early period, and the end week was
defined as the week of the last concen-
tration measurement in pregnancy (the
mean number of hemoglobin measure-
ments was 3.1}. Average weekly change
in hemoglobin concentration was not
estimated if the difference between the
start and end dates of the respective pe-
riod was less than 3 weeks. Among
cases, we only considered hemogle-
bin concentration measurements pricr
to stillbirth or prior to the birth week
of the matched control. Among cor-
trols no hemoglobin concentration
measurements were used after gesta-
tional week of stillbirth for the matched
case. Average weekly change in hemo-
globin concentration in early and late
pregnancy was divided into 6 categc-
Ties.

Stillbirths were classified as mal-
formed or nonmalformed, antepai-
tum or intrapartum, preterm or term,
and SGA or non-SGA. Malformations
were only noted if they were lethal or
potentially lethal.¥® Preterm birth was
defined as gestational age less than 37
completed weeks, and SGA was de-
fined as birth weight more than 2 SDs
below the mean birth weight for ges-
tational age, according to the Swedish
birth weight curve in common use.'

Statistical Methods

We used standard statistical methods
for the analysis of matched case-
comtrol studies, namely conditional lo-
gistic regression models estimated us-
g SAS PROC PHREG." The data were
individually matched, but somz
matched pairs had identical values for
the matching variables. We thereforz
analyzed the data as if they were N:M
matched, ie, each stratum contained N
controls and M cases where neither N
nor M were necessarily 1. All 702 con-
trols were eligible for the analysis but

2612 JAMA, November 22/29, 2000—Vol 284, No. 20 (Reprinted) €:2000 American Medical Association. All rights reserved.



were only included if they belonged to
a stratum that contained at least 1 case,
For each model, observations with
missing values for explanatory vari-
ables were excluded from the analy-
sis, although the corresponding
matched case or control was included

HEMOGLOBIN VALUES AND RISK OF STILLBIRTH

that s, the tendency of observations that  those women who began pregnancy
are extreme by chance to move closer  with a high hemoglobin concentra-
to the mean when repeated. However, tion continued to have higher concen-

Table 1. Characteristics of Primiparous Wamen With Stillbirth (Cases) and Matched Controls,
Sweden 1987-1996*

. T No. (%
in the analysis if the stratum con- [ %) ~—
tained at least 1 case and 1 control with isti ca?%sz conti’rgés OR (95% Cl)
full covariate information. The num- Ewrrs Cr:h;mctens 'fst_ =702 =702 .
ber of observations excluded due to msf ,ngogo i conceniration, gL 73 (10.4) 47 6.7 1.8{1.2-2.6)
Icr)lzisging V_alllféso VRVH;S Sll?fﬂlg(;:ﬁlﬁ lf) 11610 125 176 (25.1) 189 (26.9) 1.1(0.8-1.4)
s ratios s) wit confi- 126 10 1351 231 (32.9) 263 {37.5) 1.0
dence int}(lervais (Cls) kwere used to 136 10 145 165 (23.5) 167 (23.8) 1.1(0.8-1.5
estimate the relative risk. =146 39 (5.6) 25(3.6) 1.8{1.1-3.2,
The study was approved by the Data missing 18 (2.8) 11 (1.6
risearch ethics comrl:;]tteie at Kar?llin- Easty '?,mg"aTcé weekly crtmarzge o
ska Institutet, Stockholm, Sweden. inhermoglobin cancentration,
The committee did not require =-16 73{(10.4) 70{10.0) 1.1(0.7-1.7]
. . -151i0-1.1 107 (15.2] 114 {16.2 1.0
informed consent because the infor- = Gtz > ST 156 E26 5; 197 :23 1; 1010.7-1.4)
mation had been collected in hospital Y TTEE pro (18.2) 153 (22'5} oo (0.6-1-2)
archives; however, no personal identi- o0 YR o “2'7) ) (12'0) ow © 3,1.7]
([;cai)lon numbers were used in the =05 51(7.3) 26 (3.7) 2.2(1.3-3.7)
atabases. Data missing 68 (2.7) 53 {7.5)
RESULTS Mt?npﬁﬂgggigiﬁzﬁtﬂ%n gL
Low- (=115 g/L.) and high- =146 g/1) =-06 103{14.7) 98 (14.0) 1.4 (0.9-2.2)
hemoglobin concentrations at first an- 05t 011 6819.7) 87 (124 10
tenatal measurement were associated 001504 106 (15.1) 100 (14.2) 1.3{0.9-2.0)
with increased risk of stitlbirth in the uni- 051009 64 (9.1) 83(11.8) 10{086-18
variate analyses (Table 1). Twenty cases - 10114 52 (7.4) 45 (6.4) :.6 (??gg)
and 15 controls were anemic (<110 g/L), =15 - &8 (g;,r) 5; {;'3)9 20129
and the OR for stillbirth related to ane- Data missing 2411849 238329
mia was 1.5 (95% CI, 0.7-3.0). Com- Age_'slqg 33(4.7) 45 (6.4) 0.9 (0.5-1.4)
pared Wuh women wiAth amoderate _cle- 2010 241 203 (28.9) 744 (34.8) 1.0
Srez.ase in lhemc;giobm concentration 2510 29 261 (37.2) 253 (36.0) 1.2 (1.0-1.6)
uring earty or late pregnancy, women 30 to 34 138 (19.7) 123 (17.5) 1.4{1.0-1.9)
with the largest increase in hemoglobin =35 67 (9.5) 37 (5.3) 2.2 {1.4-3.5)
concentration were at ificreased risk of Body mass index, kg/m?
stillbirth. The risk of stillbirth in- =19.9t 74{10.5) 1050150 10
creased with advancing maternal age, in- 20010249 393 (56.0) 442 (63.0) 130.9-1.8)
creasing BMI, low maternal stature, 25010 29.9 147 (20.9) 103 (14.7) 2.0 (1.3-3.0)
smoking, low socicecanomic status, and =30.0 578.1) 31 (4.4} 2501543
severe preeclampsia or eclampsia, Data missing Sti4) 2189
h ; ; - Height, cm
bh;l'coeniela[nogshq)t !;etweeln he[n;oglo e 104 {14.8) 7100.9) 1.5(1.0-2.1}
surement and average change 1 hemo. 1201016 S 129 100749
o : 165 10 169 208 (29.§ 203 (28.9 1.0
globin concentration during pregnancy =170 t 186 :26 5; 2o :32 5; 0.8 (0.6-1.1)
is shown in th}f F]GU?EB,IH carly preg- Data missng 25 (3.6) 18 (2.6)
n’ancy, mean empg ebin conCt.?nLra- Cigarette smoking at registration
tions decreased, with the exception of 1o antenatal care
the group in the lowest concentration Nonsmokert 483 68.8) 1@ 10
(=115 g/1) category. Some of the re- 1-9 cigarettes/d 114{16.2 0(12.8) 140119
sults demonstrated in the Figure can be =10 Cigareties/d 870124 28 8.3) 170224
explained by regression to the mean, Data missing 18 (2.6) 13(1.9)
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Table 1. Characteristics of Primiparous Womnen With Stillbirth (Cases) and Matched Controls,

Sweden 1987-1996% (cont)

No. (%)
I — 1
Cases Controls
Characteristics {n =702} {n=702) OR (95% CI)
Qccupation
Blue-collar worker 297 (42.3) 257 (36.6) 1.5(1.2-2.0)
Low-level white-colar worker 124 {17.7) 113 (16.1) 1.5(1.0-2.0)
Intermediate-high-level 151 (21.5) 200 (28.5) 1.0
white-collar workert
Student 61 (8.7) 55 (7.8) 1.5 (1.0-2.3)
Other 69 (9.8) 77 (11.0) 1.2 (0.8-1.8)
Preeclampsia or eclampsia
Not 614 (87.5) 639 {91.0) 1.0
Mild preeclampsia 48 (6.8) 40(5.7) 1.2 (0.8-1.9)
Severe preectampsia or eclampsia 40 (5.7) 23(3.3) 1.8(1.1-3.0)

*Percentages may not add to 100 due to rounding. Elfipses indicate not applicable; OR, odds ratio; and Cl, confidence

interval.
#Reference group,
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Data are grouped by hemoglobin concentration at first
measurement during antenatal care. Primiparous
women with stiltbirth and matched controls, Sweden
1987-1996. Cubic splines were fitted to data grouped
into 5-week intervals,

trations throughout pregnancy and vice
versa. The lowest hemoglobin concen-
trations were found close to the 30th
week of gestation for all groups. In late
pregnancy, there was a small increase
in mean hemoglobin concentrations,
with the exception of the group with
the highest hemoglobin concentra-
tion at first anienatal measurement
(=146 g/l.). We also wanted to inves-
tigate whether cases and controls within
different first hemoglobin categories dif-
fered in the change of hemoglobin val-
ues during pregnancy. We therefore re-
peated the analysis in the Figure
separately for cases and controls, but
the changes in hemoglobin values from

26%4 JAMA, November 22/29, 2000—Vol 284, No. 20 (Reprinted)

first hemoglobin concentration were es-
sentially the same (data available on
request).

Women with a high first hemoglo-
bin measurement were more likely to
have a high BMI, preeclampsia or
eclampsia, whereas there was no clear
association between first-hemoglobin
measurement and maternal age, ciga-
rette smoking, or occupational status
{data available on request).

Next, we performed conditional lo-
gistic regression analysis on the asso-
ciations between first-hemoglobin con-
centration, early pregnancy change in
hemoglobin values, and risk of still-
birth {TABLE 2). Compared with
women with mid-range first hemoglo-
bin concentrations (126-135 g/L),
women with the highest hemoglobin
concentrations were at increased risk
of stillbirth (OR, 1.8). Anemia (<110
g/L) (16 cases and 13 controls) was not
significantly associated with risk of still-
birth (OR, 1.2; 95% CI, 0.5-2.7). The
subgroups of malformed and intrapar-
tum stillbirths were too small to be ana-
lyzed separately, and we assumed that
these groups were not primarily asso-
ciated with hemoglobin concentra-
tion during pregnancy. We therefore re-
stricted the analysis to antepartum
stillbirths without malformations. This
restriction slightly increased the risk of
stillbirth related to high first hemoglo-
bin concentration (OR, 2.0). There was
ne signiticant interaction between first

hemoglobin concentration and any of
the covariates in the model. Women
with the largest increase in hemoglo-
bin concentration in early pregnancy
were at increased risk of stillbirth, but
change in hemoglobin concentration in
early pregnancy was not statistically sig-
nificant in any model. Hemoglobin con-
centration at first measurement dur-
ing antenatal care and change in
hemoglobin concentration in early
pregnancy were also analyzed sepa-
rately (after adjusting for the confoundl-
ers included in Table 2) with no majer
differences in results.

Antepartum stillbirths without mal-
formations were also analyzed accord-
ing to birth weight for gestational age
(TABLE 3). For SGA stillbirths, a first he-
moglobin measurement of 146 g/L or
higher was associated with a more than
4-fold increase in risk, and when women
with preeclampsia or eclampsia were ex-
cluded, this risk was substantially in-
creased (OR, 15.1). We found no sig-
nificant association between first
hemoglobin level and non-SGA still-
births (P=.19). Change in hemoglobin
concentration during early pregnancy
was not signilicantly associated with
risks of SGA or non-SGA stillbirths
{(P=.18 and P=.13, respectively).

We also stratified nonmalformed an-
tepartum stillbirths by gestational age
(TABLE 4). For preterm stillbirth,
women with a first hemoglobin level of
146 g/1. or higher had an almost 3-fold
increase in risk, and this risk was fur-
ther increased when women with pre-
eclampsia or eclampsia were ex-
cluded. There was no significant
association between term stillbirth and
first hemoglobin concentration
(P=.14), or change in hemoglobin dur-
ing early pregnancy and risk of pre-
term or term stillbirth (P=.17 and
P=.08, respectively).

Finally, we introduced change in he-
moglobin concentration during late
pregnancy in 3 models of stillbirth (all,
nonmalformed, and antepartum non-
malformed stillbirth). Change in he-
moglobin concentration during early
and late pregnancy was not statisti-
cally significant in any model, indicat-

©2000 American Medical Association, All rights reserved.



Table 2. First Hemo

HEMOGLOBIN VALUES AND RISK OF STILLBIRTH

globin Concentration and Early Pregnancy Weekly Change in Hemoglobin Concentration for Various Categories

of Stillbirth*
' Stillbirths Without Antepartum Stillbirths
All Stillbirths Malformations Without Malformations
{n = 615/627) (n = 555/618) (n = 519/610)
f 1 f —1 f 7
Characteristics OR (95% CI) P Valuet OR {95% CI) P Valuet OR {85% Cl} P Valuet
First hemoglobin concentration, g/L
=115 1.6 (1.0-2.6) ] 1.7 (1.0-2.8) 7 1.7 (1.0-2.8) 7
11610 125 1.0({0.7-1.3) 1.0(0.7-1.3) 0.9 (0.6-1.2)
126 to 135¢ 1.0 .09 1.0 05 1.0 03
136t0 145 1.0{0.7-1.4) 1.1{0.8-1.5 1.0(0.7-1.4)
=146 1.8 (1.0-3.3) J 2.01.1-3.7) 20{1.1-3.8) J
Early pregnancy weekly change
in hermoglobin concentration, g/L
=16 1.1 (0.7-1.7} 7 1.0{0.7-1.7) 7 1.1 (0.6-1.7)
-1.5%0 1.1} 1.0 1.0 1.0
-1.0t0-0.6 1.0{0.7-1.5) 14 1.1(0.7-1.5) 14 1.1 (0.8-1.6} 0
0,510 0.1 0.9 (0.6-1.3) ’ 0.8 {0.6-1.2} ' 0.8 {0.6-1.2}
0.0t00.4 1.3 (0.8-2.0) 1.2{0.7-1.9) 1.2{0.8-2.0)
=0.5 1.9(1.0-3.4) - 1.9 (1,.0-3.5) - 2.1{1.1-4.0)

*Adjusted for matemnal age, height, occupation, smoking, body mass index, and week of first hemoglobin concentration measurement. First hemaoglobin concentration is adusted

for early pregnancy weeldy change in hemoglobin conc

TWald test of the overall effect (test of general heterogeneity).

TReference group,

ing that first hemoglobin concentra-
tion was a stronger predictor for
stillbirth compared with changes in he-
toglobin concentration during early or

entration and vice versa; n indicates number of cases/controls; OR, odds ratio; and Cl, confidence interval,

Table 3. Small-for-Gestational-Age (SGA) Antepartum Stillbirths Without Matformations
Before and After Excluding Women With Preeclampsia or Eclampsia*

SGA Antepartum Stillbirths Without Malformations

I

late pregnancy. Al Births Eﬁmﬂﬁ?ﬁ&'ﬂd
COMMENT | {n = 137/390) ’ , {n=121/316) |
The results from this study suggest that Charactgristic OR (95% CI} P Valuet QR (95% Ci P Valuet
a high hemoglobin concentration in Hrsgﬁgneﬁ:gm]n‘ oL

early pregnancy is associated with an =115 1.5 (0.6-3.9) 7 2.7 (0.9-7.7) 7

almost 2-fold increase in risk of still- 11610 125 0.4 {0.2-0.8} 0.5{0.2-1.2)

birth. The risk increase is even larger 126 to 135¢ 1.0 003 1.0 <.001
among specific stillbirth subgroups, 13610 145 1.1{0.6-2.1) 1.7 {0.8-3.6)

such as antepartum nonmalformed pre- =146 4.2 (1.3-13.9)J 15,1 (3.0-75.5)

term or SGA stillbirths. When casesand ~ Early pregnancy weekly )

controls with preeclampsia or eclamp- ggﬁgggtlrg{g? B%I_Obm

sia were excluded, these risks were fur- =-16 0.9(0.3-2.5) ] 0.8 (0.3-2.7) T

ther increased. Change in hemoglobin 1510113 10 1.0

concentration during early or late preg- -1.0t6-06 1.7 (0.8-3.5) 18 1.7{0.7-4.1) 41
nancy did not significantly influence -0.510 -0.1 1.2(0.6-2.6) 1.31(0.5-3.2)

stillbirth risk. Because anemia (<110 00104 26(1.1-6.4) 28(0.9-8.2)

gL} in early pregnancy is rare in Swe- =05 3.3(1.0-11.5) 2.2{0.6-9.1)

den,' our study did not have suffi-
cient power to investigate the associa-
tion between anemia and stillbirth.
This population-based case-control
study included more than 700 cases of
stillbirth and 700 controls, for which
6% t0 97% of the medical records were
retrieved. Because exposure was regis-
tered prospectively during pregnancy,
recall bias is unlikely. Possible con-

©2000 American Medical Association. All rights reserved.

‘At_:lius!ed for matemal age, height, occupation, smoking, body mass index, and week of first hemoglobin

tion measurement. First hemoglobin concentration is adjusted for early pregnan i
concentration and vice versa; i indicates number of cases/controls; OR, odds ratio; and Cl, confidence interval.

cy weekly change in

TWald test of the overall effect (test of general heterogeneity).

tReference group.

founders such as maternal age, BMI,
smoking status and socioeconomic sta-
tus were accounted for in the analy-
ses. The relatively homogeneous popu-
lation in Sweden, the standardized

antenatal care, and the use of uniform
records further minimized the possi-
bility of confounding due to differ-
ences in sociodemographic factors or
pregnancy management. We investi-

(Reprinted) JAMA, November 22/29, 2000—Vol 284, No. 20 2615
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Table 4. Preterm Antepartum Stillbirths Without Malformations Before and After Excluding

Women With Preeclampsia or Eclampsia*

Preterm Anteparium Stillbirths Without Malformations

Preeclampsia

All Births and Eclampsia Excluded
{n = 248/494} {n = 216/422)
f 1 [ L
Characteristics OR (95% CY) P Valuet OR {95% Cf) P Valuet
First hemoglobin

concentration, g/l .
=115 1.7 (0,.9-3.2) 7 1.9(0.9-3.8)
116 to 125 0.9(0.6-1.4) 0.9(0.6-1.5)
126 to 135% 1.0 .05 1.0 .02
136 1c 145 1.3{0.8-2,1) 1.5 (0.9-2.6}
=148 2.7 (1.1-6.4) J 3.7 (1.4-10.0)

Early pregnancy weekly

change in hemogiobin

concentration, g/L
<-1.6 0.8 {0.4-1.7} 7 0.8(0.4-1.8) 7
-1.5%t0-1.1¢ 1.0 1.0
~1.0t0 -0.6 1.3 (0.7-2.1) 17 1.4{0.8-2.5) 46
~0.510 -0.1 1.1{0.7-1.9) ' 1.4 (0.7-2.4) '
001004 1.8 (1.0-3.4) 1.8 (0.9-3.7)
=0.5 2.201.0-49 4 170742 4

*Adjusted for matemal age, height, occupation, smaoking,

body-mass index, and week of first hermoglobin concentra-

tion measurement; n indicates number of cases/controls; OR, odds ratio; and Cl, confidence intervat. First hemo-
globin conceniration is adjusted for early pregnancy weekly change in hemoglobin concentration and vice versa,
FWald test for the overall effect (test of general heterogeneity).

tReference group.

gated primiparous women with single-
ton pregnancies, and the conclusions
from this study can only be inter-
preted for this group. We were re-
stricted to data found in the archive files
and could not investigate other poten-
tial confounders, such as, nutritional in-
take, or physical activity. Further-
more, we could not study any additional
hematological parameters besides he-
moglobin concentration.

Iron supplementation improves ma-
ternal hematological indexes during
pregnancy.’” In Sweden the clinical
guidelines recommend iron supplemen-
tation for pregnant women, unless he-
moglobin concentration is high.'® Thus,
women with high hemoglobin concen-
tration at the first visit for antenatal care
are less likely to receive iron supple-
mentation compared with those with a
lower hemoglobin concentration. A re-
cent review of clinical trials states that
routine iron supplementation “had no
detectable effect on any substantive mea-
sures of either maternal or fetal out-
come.” In this study, we did not have
information on iron supplementation

2616 JAMA, November 22/26, 2000—Vol 284, No. 20 {Reprinted)

and therefore could not investigate its
possible confounding of the associa-
tion between hemoglobin concentra-
ticn and risk of stilibirth.

A U-shaped association between low-
est hemoglobin concentration during
pregnancy and stillbirth rates has been
reported previously,'”and 2 studies have
reported increased rates of perinatal
death with high- and low-hemoglobin
concentration during pregnancy.*$
However, change in hemoglobin con-
centration during pregnancy was not
consideredin these studies. In our inves-
tigation, we adjusted for week of [irst
hemoglobin measurement and used no
hemoglobin measurements after still-
birth of the case or delivery ol the indi-
vidually matched control. Thus, bias
due to measurements of hemoglobin
coneentrations at different gestational
weels for cases and controls was mini-
mized.

Plasma volume expansion and low-
ered hemoglobin concentration are
phystologic responses to pregnancy .
Plasma volume expansion is consid-
ered important for fetal growth,? and

several studies have reported an in-
creased incidence of low birth weight
associated with a high maternal hemo-
globin concentration.””* The mecha-
nism by which expansion of the plasira
volume enhances fetal growth is not
known, but reduced blood viscosity
may favor blood flow in the maternal
intervillous space.’” High hemoglobin
values are associated with placental in-
farction,' and pregnancy hemodilu-
tion may, by preventing thrombosis in
the uteroplacental circulation, pro-
mote fetal nourishment and growth.’ In
our investigation, we used weekly
change in hemoglobin concentration zs
an indirect measure of plasma volume
expansiott. However, weekly change in
hemoglobin concentration was not sig-
nificantly associated with stillbirth risk,
and did not influence stillbirth risks re-
lated to first hemoglobin concentra-
tion. Moreover, although women with
the highest initial hemoglobin value had
the largest drop in hemoglobin con-
centration, the risk of stillbirth was al-
most exclusively confined to this group.
Thus, high hemoglobin levels in early
pregnancy may pert se be deleterious for
fetal survival.

Small for gestational age is associ-
ated with a high hemoglobin concentra-
tion during pregnancy,5® and intrauter-
ine growth restriction is one of the main
determinants of stillbirth.”2* it is there-
fore noteworthy that the highest risks in
our study were found for antepartum
nonmalformed SGA stillbirths, suggest-
ing that the risk of stillbirth related to
high hemoglobin concentration mea-
sured during antenatal care is associ-
ated with impaired fetal growth. As fe-
tal growth resiriction is reported to b
more important for preterm than term
stillbirths,”* the hemoglobin-related risk
increase in preterm stillbirths may have
a similar mechanism.

Hemoconcentration with hypovole-
fnia is a feature of preeclampsia % The
reduction in plasma volume is reported
to be proportional to the severity of the
condition,?” and the hematological
changes occur before the onset of pre-
eclampsia.’®? Because preeclampsia ancl
eclampsia may lie in the causal path-

©2000 American Medical Association. All rights reserved.



way between high hemoglobin concen-
tration and stillbirth, we did not con-
trol for themn in the multivariate analysis.
However, when women with pre-
eclampsia or eclampsia were excluded,
the stillbirth-related risks due to a high
hemoglobin concentration increased,
suggesting that a high hemoglobin con-
centration primarily influences risk of
stillbirth in nonpreeclamptic pregnan-
cies.

The exact mechanisms for the asso-
ciation between maternal hemoglobin

HEMOGLOBIN VALUES AND RISK OF STILLBIRTH

concentration and stillbirth, as well as the
possible effects of iron supplementa-
tion, require further studies. Women
with a high hemoglobin concentration
at first measurement during antenatal
care are reported to be at increased risk
of SGA births.® and we found thata high
first hemoglobin concentration in-
creased the risk of stillbirth, especially
antepartum-5GA stillbirths. We there-
fore suggest that pregnancies with high
hemoglobin concentrations should be
considered as high-risk pregnancies. To

improve antenatal detection of fetal
growth disturbances, it may be prudent
to perform repeated ultrasound scar.-
nings on these pregnancies.
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1. Introduction.

An attompt has been "ado to eummarize and evalunto avnilablo data

on genetical effectis (mutetion snd chromosonal aberration) induced
) uin different organisne expoaed to irradiated food or food components.

' Since published as well as unpnbliehed work has boen included the
,preoent Teport cannot be considered to be complotct

"_ Experimente with plante and lowor organiema are 1nc1ud-d bocause

it may be stated generally that a substance which releaees gene
Qmutation in one organism is also mutagenic in epll other organisms; ir
. rtharefore an irrad1ated system (such as food or . food component) is
_é;found mutegenic in e.g. higher plante, this effect should ‘be expected
~ to have a counterpart in marmal s 1ncluding man. A lower nutagenxc
V‘eefficiency in maznrle of a principle active in microorganieme, plants,
",and lower aninals may partly be due to unavailability of the gonade to
coqpounds abeorbed via the digestive tract or the lunga.
- Positive and ncgative rosults have been obteinod in different.
-"experinenta even with the same organiem. It 45 clear that enough data
;__ara not yet avallable for the evaluation of genetical hazards connected 
aiwith human- coneumption of irradiatcd food, - and the purpose ofﬁthe
"proeont acientific report ia not to do such an evaluatlon bn*Ato prescnt

.:;the background for the - further experiaente neaded

2- H!;giissﬁa-

It Wez shown "elatively*early that. UV—irradiatod medie produce
‘gene mutetion in the bacterium Staphylococeus eureual ‘and in ‘the _
ir‘aexnally reproducing 1ower plant Neurospoca crassaz. The sgno nutation

.;;speotrum-ae with direct irradietion of - the- organlens was obtained. The
ri:mutagenic radiomimetlc} action could bc ‘Bseribed to. certain hydroper-
* roxides (Soo swmaries- 3’_5)'4- The UV-offocts will not bo discussad

‘ fnrther iﬁ.thrs context.-' ' S T -
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3. Yonizing. radiations.

3.1, ' Microorganisms..

3.1.1. Irradiatod solid giucosc and protain shound whorn tested on
lyaOgenic bacteria no-inercase in lysogeny,s although thia system
is very scnsitive to dircct 1rradiat10n.6 The expcriments are
parhaps not conclualve bﬂcause too low doses were uscd (1 -5 Mrad .

" to Bglid compounds, cf. Appcadix). _

3.1. 2. Most work with microorganisna was done with UV~ irradiated
nodia (Seec  2). A slight increasc of mutation to’ streptomyvein~ -
-1ndepcndent in B, coli has boen. observed ef ter treatmont with a
distillate fron irradiated aninal standard f‘ood.9 The effoct

ervhich was observed to sone dogree alao in. the control with
irradiated foad, 15 open to criticism becanqe of the ‘low pH
during treatuent whlch Day cause mutation by depurlnatlon.:

3.1 3. oIt may ba expected that especially micrcorganisms will show
1ncreaaed outation rates when treated with X- and Y-irradiated

' media under conditions giving certain {hydro)peroxides.lo P11 (Cf.
14) ‘
- Host of the available data in highor plants arc cytological,
dosérlbing chronosonal aberrations in root nerxstens induced by -
:1rrad1atcd nodia and. other systens (3 2.1.-3.2.9. ). Certain
-plant Gaterials present a good systun for the detection of and _
',screening for chronosomal aberrations. It should ‘be noted howcver.
that species of the fanlly Loggglnosae ‘are sonsitive to an- effoct
of anaorobiosis during gormination {but not later dlvisions) '
producing chromoesonmal aborratlons 12,13 Cbreals do not show such
.effects and data froo these plants are therefore Dore reliablelh
: Tha sane holds true for the "Alllun test“ 5. .
e Only fow efforte have been made to measure mutatlon rates
,-;(3210.) _ - R ce

3 2.1, - Early experinents of Hataragan andg- Swaminathan16 dehonstratéd'”
that X=irradiated digtilled. water-can induce chromosome breaks in ’
wheat and onicn.xuot tips (See Appendix) Lo g o

3 2 2.'0 In another experinant it was. observod. that chromosome breaks
~ were produced Af the cereal enbryos were ETOWDR in x-irradiated
,Vhitea' cultural medlum (for composition, see Appendix) These
_experineﬁus wore repeated later with Y- rays by Nataragan (un~
published) and the above results were confirned.
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3.2;3; Irradiatod thyninc aolutien was fonnd alao to induce chrono~
sone bresks in barley. 14 “Theroe was a low froquoncy of. bresks
induced by unzrradxated thyoine soluiion, but the frequency was
significantly highor with irradiated thyoine solution (se Appendix},

:,3.2.&.- Foutschen and hatagne 19 stuedied thc offect of solutiens of

- irradisted glucose nonochydrate (Y»ray doses from O. 05 to 74 ‘Mrad)
on barley and Allium roots, An elaboratc analysis was nado in this
_atudy. A 6 fold increase in the chromosope aberration freguoncy,
ovarthecontrol, was observed. The interesting nbsorvatlons rade

-, in this study was the lack of any doso dependent 1ncroasc of breaks,
the highest rate (9-10 %) being roached with the glucose- 1rradiatcd
with 0.5 te 1 ¥rad. (Sec Appendix). The dose independence of these

\indircct effocts has bocn obscrved din Droscphila 20. "and oice also,
(See Discussion), = | 7 . .

3.2,5.  Vory few studies have boen conducted in this rospect with
food: ox food components. Swaninathan et al.Zl stud1ag thoe effect:

. of - irradiatod potato mosh (=20, ko, 80 kr) on. barlcy root noristons

'- by culturing barley cnbryos on the nmesh, A Jarge. number of colls
was analysed in this study which indicated the prescnce- of a high
frequency of laggards and micronmcled probably duec to chronesoco

.'fragmentation. (Sce “,)bndt@ Yhen the embryos were grown (on the.
.irradiuted mcdlum) in the prescnce.of oxygen, the effect was
conszderably reduced €hopra ang Swauinathanz irradlated potato
-tubers with 20 kr and. stored thom at +4°c fir 8 oonths, and then
they were nmeshed, and used as mediun for thao culturing of barley )

,,embryos. An apprupriath contrﬁi wag kept with. unlrradiated potatoes.
The deoveloping root Beristens - showed a .considerable increase in

B cytolog1ca1 aberrations (nostly of mlcronuclel )
3.2.6. - Chopra et al. 23 studied. the effect. of irradiated fruit juices,
"'Gn—the roﬁt neristens: of barley and. Alliun. These wWas a distinct -

and significant increase in- the chronosome aberratxon frequency

of the treated material in cooparison. to the controls. (See Appen-
. dix).. The characteristics of the type of breaks. Anduced was the
ilocalization a%. the contromeric region- (resanbling certain effects
“of alkylatxng agents) and’ the absence’ of exchangos. o
3.2 Te . Uhpubltshed roaults -of:-De Stanchxna have: indicatod that
~4drradiated orange Juice induces anly oitotic. inhibition, bUn no
chrOmosamal aberrations. (See Appendix) '
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3.2.8, . Mputschen et =al. (unpublishcd) have also. tested the pusslble
radiominetic activity of (a) straw berry powder irradiated with
0.5 to 5 lrads of 3 KeV B-rays {b) cooked potato powder ~ irradiated

. with 10 Krad (1 ¥ev)} {c) mashed potato treated with 2080 Krad -

- of X-rays (d) raw potato treated with 16-70 Krad of Y-rays (6000)

" and (o) wheat flour + sova flour exposcd to a total dose of 200
Krad of Y-rays. All results were negative, ] .

. 3.2, 9. - Although of less connection with the prcblen of irradizted
fooda, o few other exper1nents showxng 1ndircct radiation effecta nay
bereported. D'Anato and Méletti (porsonnl commun1cat10n} transplanted
unirrediated enbryOs over prescvaked endospern 1rrad1ated with low

‘doses (0,5 to 1 Krad) and found that 20 hours after transplantation
20 to 25 % aboerrant rot tip cells at anaphases contained chromatid
breaks and deletions frequently, and bridges very rarely. '

22 in a sories of studies,has demonstrated the prcsence‘

, Kuzin
of muclootoxic substances in extracts of 1rradiated plant tissues,
'-capable of reducing miteotic index as well as induce chronosone
~mberrations in othor tigsues. The actlvity has been: attributed to
- the formaticn of pnlyphenols.'
3 2.10. Gene rutation. _
Very few experiments have been conducted to demonstrate the
“pogsible nutageniciéy.of irradiated éonpounds in higher plants.
Ehrenbefgza studiced the effoct of irradiatod glncosc and glycine
'7(50 x 106 R of 6000 Turays), on barley seeds..The chlorophyll
‘mutations wero scored in the seconad generatlon, while the irradia ated .
f_substrate gave a mutation rate of 1 %, the uni*raﬁlateﬂ substrate
gave 0,4 %; tho effect being signiflcant at o. oz % level™
3e3. - Drosgphile.

‘ . This inscct represcnts one of the uost officient gonctlc
*'systeus of the class of higher organisns. . Several techniqnes
~for: quantitative detection of" fiutation frequencics hove -been. de—

velopod in this organisn. S

' Tt nmay bo- nentioned that Krayblll suggested that. Musea

donesticn, the house-fly, which afferds sioilar posaibilities,

should be utilized 1n the evaluation of mutagenicity-or carcxnc«
i genicity of* degradative products arising fron pProcessing of food. 91J?

_ -In sovexral: axpcriments Drosopliiles has:beon fed with- irradlated L
A-basic nedia (containing water, glucose;" ‘egar, yenst. povdcr. and ;

propionic ac;d) or with basic’ pediug containing irradiated DNA.

'A.I) Whon this exporiﬂunt was repoated, no incroasc of ﬁufation rﬁtc:'
was obtained, . . . o o
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‘The res“lta arg contradlctorv, certain atud1es showzng raised
rmutation rates, others no. efrcct.
Ghronosonal aberrations after fggding wltn irradiatﬂd med i
woere not studicd in this material.
 3.3.1~ B Sw&nina#han et 35.30-observed e 3-4 rola ihc}ease over the
' 'spontanoous,rate of sex-linked recyssive lcthals after foeding -
with irradiated basic mediunm (1507Hrad T—rwdintion) The Muller -
5 technigue was used following feoding of the wild typé oales
.- from ogg to pdult stage. The nalesa were then mated to females
 raised on unirradiated nmediuw. Tho induced mutation is significant
at -P< 0.01 (cf. Appendix). Also visible rmtants were registored)

" techniques. 7 ,
3302, - -Chopra31 repeated the .experioont of.Swaninathan gt al. (scc'
' 3.3.1), using X-chromosome recessive lethals, Certain differences
VWGre 1ntroduced however, a) hlgher dose, (v a changed corpo-
_.31tion of the nediun (sucrose instead of . glucosc), {c} the nodia
. 'were not immcdiately used (tr.nsportnd froo-a far-off Y-source).
* No muatagenic cffect was found, In view of the differences oentioned,
in view of the snallncss af -the oxperipent, and in view .of the
Tact that cxperioental details permitting the evaluation of _
:clustering and, hence, a -statistical treatucnt,'the exper;ment'
does not. contradict or invalidate the carllerjo result{r(soe
Appendlx} A : , L
3 3. 3. houtsehcn .and Houtschen»jhhrc13? have fed both the OR-X
and Muller-5 flies - with oediun irradiated with 150 Krad, fronm
1 to 9 generations. Tﬁé data (ove a2 frequehcy of 18 casea out
of 1366 (i.c. 1.32 %), in contrast to 3 casos in 1196 in the
~control (0.251 %). Thesc.data indicate a 5 fold. increase in jutation
... rate. The statistical significance is high, {SeavConnents)
13.3.4. ..A detailed experinent, utllizlng adequate statisticzl treatment,:
. has been dono by. Rinchart and Ratty‘ Flles SwWere allowed to feed on
an irradiatod nodium (1rradiated with.X-ray doses of 150, 500, and
'-”3000 Krad). Two types of treatmcnts were donc: in one cxperlncnt
the nediun wad uﬂcd iumedigtcly after irradiation and in anothcr,
‘rgﬁ'.thc mediun stored for 3 weeks after irradza ion. vas used, There
':jwas a.stall. but significant lncreaso in tho nutation frequency.
(See Appendix) The -s2ne increaso was obtained at all ‘tosted doscs.
The 1ncreaso was found to be ma inly from genial putants (i.e.
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increase of clusters of ﬁutantsl which was absent in the control;.
cxcopt in onc casc, In the sceries with 1nmeaiate'trentnent there
gcens to be an increasc in non-genial nutants, too (= post nejotic
nutanta) In the aged series thcre ‘was a decrcase in non-genial
mutants, although it is 1nd10ated that gendial mtation ratos ara
atill high, . :

3 3 5. It uay bo'montiohod thaf ¥outschen usod the Muller~5 tochnique;
to detarnine the mutagenic effect of irradiated potatoes (8 Krad) -
and irradiated soya flour (200 Krad) No effect was found. Only
150—250 chroomosones were tcsted in cach treatment. This size of &
the experimont is too swmall to dctOct mutation rates below around
5 %. The experxuent 1s therefore not conclusive in any dircction.

3.3.6. - Irradiated DNA. On Parkashjj 3k publishcd rccently results -

o 1ndicat1ng a strongly incroased mutation rate following adnmxture
of irradiated DNA to tho food. Tho DNA {fish spern) was irradiated
with 105 rad and added te the medium, in which cggs were laid,
Vhen testing sex-linked recessive lethals”> (C1B8 technique}, 5.7 per
cent rutation was: reported aga1nst 0 in.the control (representatlvhf
‘for standard average = 0.17 €). The oxperiment. was not designed to

’3detect clusters, and the“increaso is therefore not éignifiCant (sco
Appendix)' In a test of XI chronosonc- autosonal reccssive lethulsjl
a sipilar increasc was found. In this casc a tost for clustcrlng .
~'was ‘done (persenal soununication) indicating that a high nutatlon
© rate was really obtained. 31
Two laboratorlc:S%&vghgeggategngagégggpgte%grﬁggg on sex-
" Yinked ‘recessive lethals with addition of irvadiated DNA to the
”-nediun. In none of . the etperimonisany~nutagen1c effcct is shown,
and- the expcrlnents are big encugh to excludn, Vlth a high

Qs;gniflcance, cven ‘a two-fold 1ncroase of nutat;on. Chopra also

'ﬁconslders the poaslblllty of yeast ceunteracting tha. nutagenlc ]
‘effect of 1rradiated DNA. His- naterial ‘on that" point is not big, .
-‘f?but secns to cxclude the high nutagcn1c1ty found by Pa:kash, also

in the absence of yeast, = e el TR e S

'H'”L“"; NGbOdY'has repeated Parkash‘a experimonts with IT chronosono s
Q'lothals.. R T S
- Although without direct: inference to effocts of. foodlng _ I
?Tirradiated food; it should also be reca11ed ‘that’ Fahty and. Fahny36
fléfaiIEd to find. lothals follouing 1njnction of - irradiated Drosoph11a;
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DNA, in the vicinity of the gonads of ths flies. {In these
-experiments it was found, however. that DHA degraded by ultra-
sonics or irradistion and then injected is able to induce "minutes™,
i.e. small deletions which may be of genetical significance..
Wg'may”conclude.frcm these experinents that irradiated DNA
does not induce cmutatien generaily {and that it_certainiy'does‘
not require,speciél attention in ihe evaluation of the wholesomef
ness of-irradiatéd food). The results of Parkash are sdientifically"
feny.interasting however, and a comparlson of the DMNA used in his
tests with other producta are recormended,
34 . Hamoals, |
s Y 3% Data from nultigeneration fcedzng tcsts. - -The large-scaln
" aninmal foeding tosts performed in order ‘to establish. the wholear
soneness of irradiated foods have not been 6051gn0d in a way
pernxtting an cst:nat1cn of possible genetical hazards. It is truc
" that no sigﬁificant'(or'cléarly aceidental} effcects have been
- fOuﬁd'bn the-breoding of the animals in multigencration tosts (seo-t:
:'e . repo;ts on feeding tests with irradiated po*-k,37 irradlated 7
3

pPotatoes~ and irradiated wheat and‘wneat produc*aBg} ‘But the
litter size may be affected by tr1v1a1 dietal factora influenc1ng
e, g. the number of corpora lutca etc.. and 1t is - -further z very-
insensitlve measure of lothal cutation rate {cf. Litning' sho studies
“of dominant lethal outations in 1rrad1atedrmicc}. Therefore, tﬁe
'11tter size “and’ the breeding of" the anirials cannot bo used for thc
'_eatimatlan of mutation -in nmawsals.
Zﬁj;h;z; Ho studies of genctlcal offects in - namnals arc at present
e publishcd “but a fow cytologlcal and nlso gonetical cxperlnents
'1n nice of a pore or losas prellnlnary charartcr have ‘been run
:chlefly by J. and M. Houtschen-Dahnen, partly in’ collaboration
':with L. Bugyaki &nd A, Lafonta1no..
3 h 3. f' Chronosomal aberrations in_mice. .
_ - A1Y experinonts o be: roportac utxlize spornatogonial dzv1sions
'1in nicc as ‘object” of study.,studica ef dxvidxng 1ynphocytes 1n rats,
“under: 1ymphoponic conditions (see Fh50) producad by 1rradlated

conclusive thosc studies ‘require & further development of the
“phytohenagglutlnln technlque for rat lynphonytcs. )
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3.4.3.3. J. and 4. Koutschon-Dahmen (unpubllshed) studiod prelinzn rlly
in 5 exposecd and 5 control. nice tho ab&-rratlons produced by
irradizted "Hosby" focd (for co::position, see rcf.“) The forner:
" exhibited on increased rate significsnt at P m 0,05, '
‘j.ﬁ.J.Z. Thc sane 1nvestigqtora asspyed tho influence of ‘irrodinted
glucosc,: dissochd and given to the cice in the nrinking water
Guring 48 hours (somewhet arb;trarily chosen. tlnc, found tc tho
Buztahle in ceorresponding tests with alkyla tlng chenzcalsh?). )
"The glucose was irradiated as the nonohydrato, i.s. the nodificat1on
_'thc radiagtion chemical product of which are nost officiantly:
killing bacteriaz The cxperlments Wore run as parallels ‘to the
botanical studies published (seo. 3.2.4.). '
' .In the first serics conprlsxng irradiation with 5. Hrad and”
proparation of a 2 % solution the spertatogonial anaphase and the
 -two spormatocyto aﬁapﬁasés #erc‘studicd. Iin the five expoéed
ﬁnimals.ZS aberrant among 871 investigatdd cells were fqund, in
_comparison to 7 cells out of 800 in the five control anibals given
L unirradiated glucosé. The differonce is strohgif-signifiéant ir
we coensider the abéerrant cclls independent (i e., 1f na grouping
“to certain sensiti:gizgama13 occurs}). i o . 7
TIn -the sccond/glucose irradiated with :h lirad was given undcr
similar conuit*ons._?he suimmarizoed results- {cf. Apocnd1x) shows
34 aberrant cut. of 1235 studicd cells in the zgxgitest_anlnals
'compa:éd:to 3 abo&rationsrin 1016 cells éfﬁthe;gizgjcont:ol
aniﬁalé; Even in this éase,'aﬁd uhdcr-cbhditions of indcpendcncc:,
- of aberrant cells.a hlgh 91gn1f1canca is obtalncd for the difiference.
It oay further be stated that in eacb of the dlvxsions studled,
. the sanc 1ncrcesc of sberraticn ratc was obtaxncd Jin the two 90?105..
n,although thc radlntion dose of thc Lattcr was a5 tinoa higher. _ .ﬁ
3 k 3. 3.‘ In: cooporutlon with” Bugyakl and Lafonthlne a bigger oxperln"nt
with 30 exposed ‘angd. 30 control mlco waa aun W1th 1rrad1ated food 50% :
> a.standard an1ua1 diet 51nilar to the Hosby food wag 1rr1ulatcd. :
" The males wore troatod for i nonths fron woaning. The results z2re
-!;sunnarized in Table 1, which alseo givcs the. aberration typos
" obsarved. .It appoars thau—the frequencies of cells w:th aborrhtlons
1¢ argued 3 huwes. h_{q\r\u: in ’r\\ﬁ Erivols | EAP0ed *p iysdioted —nLd
'-conpared ‘to. the controls,. nn¢~this_1nczcasc,i§,h;ghly-sign;ficapt.ﬁ
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3.%.3.3. Table 1. Gencral propértions'6r'd15tutbed‘cella;
T. Lninals - fed irradiated food. '

Metaphaae T Anaphase I ) Annphase 11 ‘Gonia) anaphase

g Humber of Nuober of Number of Hucber of Rumber of Huuber of Number of liumber of
g_analysnd disturbed analysed disturbed analysed disturbcd analysed dxsturbcd
o cells celkls " gells  C gells 0 cells cells cells cells

= 028 - 8 12 33 3 . 20 1962 93

iI ‘Control aninals. . ) . L - - .
1028 o 1005 .8 1273 -6 1838 - 11

3. h 3.3. Table ‘2. Proportion of aborration types.
I, Animals fed irradiated food. '

Hetaphaae I - Anaphase i l '~ Anaphase II ' Gonial anaphase

Translo- Other_dis- Bridées Fragnents Bridges "Fragménts Bridges Fragoents
.cations  turbances ' o ' : R

' IL. Control animals.

i x} Musibers of analysed cell the szme as in Table 1.

In order to. nvaluate the signlficancc the statlstics noﬂt

dlsadvantagecus to the experiveqt n@y be-used assum1ng a maxigun
grouplng of the aberratlons to Certaln “abnarmal" an:nals.
restrxctlng'the analys1s to aninals w;th and w:thout aberrant
;‘cells (cf Table 3) Ncarly all trcatad aninals cxhiblt aberrations,
in contrast to- about half of the control anlnals..P = O. 0017 for-.
- the hypothesis that the froquenc1cs of anlnals with aberrations C
are sinilar in the two groups. ‘

s ).h 3.4. Table 3.

. Observation SR ﬂ;,iExperiment with' ) " Experinent with
' : S ‘. complete 1rradiated ) " irradiated glucose
“-ddet (3.4.3i3) 0 -{2nd. series, 74
i ‘-Eipbséa*fCanrdi: Lrad, g zontrol N
. . B 2hooaninals; canioels o ,animals ‘anirmpls -
Cignimals withimo, Tl T T
- aberrations T SR 1 .0 _ k
- Aninals with R ' C o
aberrations .27 16 ' 5 1

Of these, aninals . : . )
with transiscotions 5 0 . 2 e}
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The fruqucnc1es of a“1ﬂdlﬁ exhibiting translocatione

(observeu at netuphase) nay hc treated in ‘the sanme way. In the
treated aeries the 7 tr“nslorations found are distributed anong,
5 aninals, conpared te 0 puch animals in the control serles. P
for equal distpibution is gbout 0.03. To this scrias may bo addodl
_the second glucose sertes, with 2 animals against O with trans- .
locations (ef. Appendix 3. h‘j-z Table 2). Testing the hypothesish
that 7 out of 35 rcprescqt thc sanme frequency as O out of- 35. we
find P = 0,006, ’
3.8.4.  Futation. , - |
3.4.4,1,  K.G. Liining (unpublished) pefformcd one 6iperinent with mice
where males fed irradiated food of the type denonstrated to pro- '
duceo a lymphopcnia in rats‘.ll Since thc 1ymphopen1a corresponded ’
to that induced¢ by about 30 rad total body Y-irradfation, the
experluent was dosigned to detect the frequency of dooinant 1ethd1
Dutations induced by this dose in speroatids - spertis. The result
was negat1ve, the expected increase of the frequency of dead
implantations not teing found. (Sce Appencix). _
3 L4, 2, J. oand L Houtschen—nahmen have run a few prelimlnary experl-
nents with differont "age of animals and different fecding- perlods,
o In lgrgn . the rcsults agree wzth those of Ldnlng in the fact that,
when nmales wore fod the 1rrad1atnd d:!.ct no s:.gn:l.flr-ant mcreasc .
‘of decidua {per corpora lutea or per mpl«ntatlon) was found.
It was =trongly 1ndicated however, that ' when both sexes ware
- fegd the irradiated food {the feeding of fenales wlth irrad;ated
.i.food was interrupted before gestation) the frequency of dead -
.vinplants was inchascd by a factor 2-3. {P'“‘O 01 for equality
of tost sorias. and control) (Seo Appendix)
' Ve regret that thls irportant work had to be disceontinued
.for fznancial reasons at a monont certain interesting results
atarted .o apposer, and a continuation of this type of work is
strongly recommended, _ . .
In. order to aveid oisinterpretation wo want to stress the
";fextreaely prglininary naturo of Moutschcn s data, Hany factors of :
f!a nore or less trivial nature may influencc the shedding of cggs '
_i-_and their fertilizatiOn.and early developm;nt. with a p0951b111ty e
"{,ito disturb the deterninatlon of dominant lethals, The number of - ;
-~corpora lutea por’ femakaseeus thus to be affectedrby ninor factorsf
- in the food, such .as heatlng to 80° dur1ng—the préparation of an.
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otherwise unchanged standard‘diot;ko (hence, no conclusions as

to. abscnce or presehce of lethal outations should bo drawn from

an unchanged or decrecased averago littor size), It should also

be bentioned that a control serics (of a 20y expcrimunt) of

oouse palos receiving NaCl injections exhibited high freguencies

of "dominant lcethals™ when oated within J wecks after injection;
- the reasons for this ﬁehavior is being . investigated.#Ba _

It is oXtromely ioportant to vorify Moutschen's observation
of increased nunboer of decidua, with well Eomparablbx)controls
and ‘series where oales; or females, or both EQXa8 Are fod irradia—
ted diets during different periods. of the life span. The intra- -
uterine death observed after feeding bcth sexes oay indicate a

' raisecd ratation rate, but it cay alsc indicate a ronvtolerable
'sonatic danage during foctal developoent.

3 # 5. ' Although a leukopenia (1ynphopenia) nay be produced by nany
disturbances (see C. g, lists prcscnted by Hlntrcbc » P. 1098) other
than radiations, raﬁlomimetic cheuicals, ang nntinctabolltes
affectlng the gcnctzc naterlgl, this effect, wh;ch has been clcarly

-;established to be produced in the rat by 1rradiated food,
glucose.us etc., may be nentloncd 1n thls context The lyophopenia
':is easily ocmonstrated 1n a few anlmals, and the experlnental
7 conditlons, under which this affact denonstrated that souething
. {with a possibie relationship to genctical damaga) had. happened
to the animals, were used in thc gonetlcal studies of the Moéoutschen-
_Dahmen ‘tean. Duo to the grca+ dirficultics and. high costs involvcd
in the testing of uutagenzczty in caroals {and, especially,/the
mutation rates are low) wec find it recomnendable that the procedure,
in certain experimonts at lcast,-ahould consist 1n tho two atcps
 ncnt1oned ’

:1a) establishnent of . optinun conditions for, developnont or any
. "raddonioetie™ effect;

'_(b) test of nutagenicity and chronosonal aberrations under this
set of vonditions, 4,;,a-

If the tost. (b) is pos:tive. it nuat of courso be cstablisbed

- . - - v . L L 2 T T

x} with respect to age, locatxon in the room, oarlier 11tters,
Tete. .
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Y, Diachssion.'
in ccrtain wcll investigatcd series it has been clearly
' ?dononstratcL ‘that irradiated foed {media, corpounds)} are able to
induce gene uutation {as cstablzshcu by genetlcal tests, and/for
chromosonal aberratlona in erganisns ‘belonging to aifferent classoes:
) microorganzsms, plants; 1nacrts,‘nannals. ' .
- The effccts are’ mostly obtaincd in the range of doses, 105 -
5o 106 rad, intcnded for radiopastcurisation and radiosterllx—-
‘sation. ' _
In all investigated natcr;als the ‘requencies of genetical
-chénges are low - in peny cascs we are dealing w1th an increasc
by a facter 2~3. o L
In certain cases no cffect was found Such negative results
"were partly obtalned undpr cxpcriﬂental conditions vary sinilar
to these giving posltzve results. "It is most prﬂbable that the
V'Vncgat1ve rcsults do not 1nva11date the p051t1ve ones and - VeV
" 'We should rathor draw the conclusion that still unlmown varisbles
:lfin the teat organlsﬁ or An the food 1rrediatcd nay affect tho .
:reaction pattern wlth the conacqucnce that gcnetical damage is
:Ji_eithcr induccd or not induced. This incrcases ‘the difflcultles af
"fanalysis, but may be guiding in cfforts to unravel the actxon
'fucchanisma. '

In a few cases . the Lnfluencc Of rudiatlon doae was 1nvcst1—

'gnted.
. Drnscnhila, nediws . ‘0.15 - 3 Hrad
Louse, crystalline glucose S 5 and 74 Frad
' Hordeun roots, glucosc : - 0. 05 - 7& Hrad

"In each casc all the 1nvcst15ated doses pglve approxlmatcly the

Csome putation (Drosophila) o aberr1tion (oouse,’ Hordeun) rate~'

_f {respectivaly. 7
BUzpn Action nechanisus.)*»:‘ ‘
R The nature of the radlatlons uaed (mostly therapy x—rays or o
RO e o

ifeffccts observed. will therefore be due to radiation chemical
'changes in the’ 1rradiated food,

The absence ‘of dose’ dependence in any case vhere the dosel-?ﬁ

;fdcpendenco was invcstigated, iﬁdicates that we are. not dea_lng
vlth principles vith a reactivity vis—a—v1s the gene naterial like,
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oost radiooipotic alkylatirg chemiecals., It is known that cnrtﬂin
radiation chemiecal products, such as H2 5 TIAY reach a steady

state concentration maintained in n broad range of'cencentraticns,

“but the pbssibilitv that reactive'hydropcroxidés are involved is

less likely, artly in vxew of the fact thot such’ compounda aroe
not formed when - 1rrad1&ted cryatwlline glucose is dlssolved in

-water (G. Léfroth and L. Ehrenberg, unpublished).

. The abscence of dose depcndcnce. (and partly thc'fact that no

-genetical change was. found in certain caaeb) 1ndicatas that the

genetical effects we obscrve. are 1nduced in an all«or-nonc rwsponse
to £ trigger nechanisn, which 15 released whién. certain active
compounde;uexceec! E:Y threshold dose. Thc degrec of response will

then be predetermined by physxological propcrtles of thc cell

) populatlon cxpoeed to the active conpounds.

It is true that also a lack of an essent;ql vitamln etc, may
prcduce a phy51ologica1—biochemlchl change of the kind roqulraa

‘for-a changed outation rate. In the aninal experiments,descr;bed_

such an explanation is less plausiblé,‘hOWchr, because. only =

(=4

ffraqtion.of the total, supérvitaniniécd diet was irradiated. It

has. further been shown that. other biolngiéal-effoctahcan be

‘releasced by compounds which can be extractec fron ‘irradiated

,glucose solut10n8 and 1rrad1atnd 1n1na1 diot.g.

The dose-indopendent. all«or-none character of the genctlcal_

» effects rcsanbles tho propertics of the: rat lymphopcnia induced. 41,9 .
- In this .case a.- p0551blc "trigger® is indichted.

The effect may partly at lcast be reatorcd by Tolic acid given
in the drinking water. = ' '

A direct‘or'indirect antihfolic acid effcct of irradznfcd

. -foods, would disturb thc synthcsis ‘of . thynxdylato i.e. a DNA
;prccursor, 1n a way. which night givc chronosoual 1berrat10ns.
-(aa shown by Taylor for 1n1nopter1n 6) or .geno nutﬂtlon.(as shown
- by Heslot 7 to be. 1nduced in yeast by aninopterin anc netathrcxate)
~ It should be. obscrved that other investigatcrs have found Ffolic

acid antagon1sts 106 be. inactlvc din thls respcct 8, h9

'As another. ‘guide~line for furthcr research it should be

:-recallcd that- chetable_oils.arc.ablq~tq produge-chronosonal

aberration9 and ;‘goene vutation in. higher-plants.so This ¢ffect is

'fexaggﬁrated in- mothyl 11nolato5l, i.e. an unaaturated conpound

separated fron the- normal ant1oxldcnts. Slncp ionizingzradzat1oﬁs
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4.3,

tend to.destroy-naturni antioxidants, the possible consbquenccs- )
of this shouled be observod.‘(Compare wiih the faet that irradiatién_
of oils~ at high doscs - has been denonstrated to induce a con- '
siderable toxicity to tost nninals’zl

Thc data presontoﬁ in this roport do not just‘fy us to juagc

the genﬂtlcal conscquences- to. man of & general use of radietlon

'prcservce food, (The sane concerns, of course, - aninals fed
Arradiated fedder.) At the present state of affdira gcnetlcal

'effocts cen be: nci*her proved nor excluded,

In acveral instants a 2-3 fold 1ncrcase in: nutation rate inao’

brodd sensc, wvas observod ta be inducod, xndopendcntly of the

" dose,; in Drosophile and wmice, and sich a2n increasc of mutation rate

in large human populations would-npt'be‘toleréted accordihg to
current principles for ragiologicdl protection. ICRP scts the
"8 % En pornissible genetic doso™, 53'given to nembers of the
public, to ‘5 req, a dose exnaeéted to increase the nutgtion rate
by 5 50 por cent, 54

- It should be noted however, that no food of n type 1nt;ndcd

~ for human consnmption was testcd in. any of the animals {although

- it has becn indicated that related ﬂffccts in plants ‘are produced

by .irradiated fruit juices, pofatocs, cte.). We do mot think that,

*fsuch test§V1re-yqt possible, c.pg, with mice, The developnent of

““reli=ble tochniques is dependent on further work with those food

typas, i.c. standard anioal diots, which hhve already given certain

'5genetical uffects. - These expcr1monts nuat Bo . repeatcd, and a

ser;es af-esscntiai variables must be evaluated,

W¢ should'fufthér'pote'thatioﬁlyfthcznrﬁaophilé experivonts

'“pfuve~thkt'gché ﬁﬁtaﬁion sonsu strictu.is induccd by irradiated.

f?nedia._The chronoaomhl aberrations found- in plants and mice are.

' 3mostlz of types ellm1nated bofore they -can reach the following:

':gcneration; “in- gl ts, certain aborratlons have Beon : denonstratad-f

to' be transforred however, and this w111.?robably,nhen.lnyestl—i

”;,gﬁted, also bo- the case “in damnals.u

It nhy alsc be sald about tho - doninant lothnl Dutatlons,

_ fjneasured as 1n rauter1n dcath that if the ‘offect i=- cstrictedi
*ffto such’ ehrly footal. ‘dezth, the harn wlll be limiteds .

The gcnctlcal changes stuuicﬂ represcnt such cffects wn1ch

.;are most easily studied, and “they downoticoincldc,dzrectly_with_
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such more harmful effocts the- frcquoncios of which we want to
cstinwto. It ay be said, hOWOVUr, that nost agcntb inducing
any of the effocls studicd give risc tb all other genotical
affects including the nost dqngofoﬁs'oncs. ond we have to accept
this as a working; hypothesis also for the irradiatod foods until
we have proved the spectrun of effects to b undangbrous. 1f,-as
5uggudtcd,'anf1netabqlig action ﬁechanigms arcAinVOIQGd, a voery
skew spGCtrﬁm of offeccts would not be uncxpectoed, however; ’
i(antinetaholitcs’li?o neﬁﬁlarinc ﬁnd G- cthoxycaffcinc arc known
to induce restrictbdly either genc nutation or chromosonal
aberr ations, respectivcly.55)

"The high froquencles of- 1ntrauter1ne death found in onec
experinent to follow feeding irradinted food to. feocles, nay .as
well be o measure of sonatic damage te the footus. IF this damage
 4dncludes types where fhe éhiléren are born alive a non-geénetical

‘but novertholess very haruful effect bay be indicated. From the
Anerican multigeneration tests with. irradiated foods no inereasc
" of living, nbﬁornal offépring was' reparted; thia_ wQuld‘indicatc‘
that such sorwaatic danage is rarc. (¥hen such somatic offects are
'csfipated it is inpeortant to chose the right tost aninale,

however, as denonstr1ted by recent experionce frOm tests with

'—.pharnaceutlcals )}

5. Conclusions-ahd_probobals._

- From the cxperiments hercin reported it is icpossible to

- arrive at any dofinitchonolusion as to the proscnce orﬂabsenco_

of-geneiic.effect§ if irradiated food were usced for huoan con-

" sunption or for.anima}.féeding._Hithcrtoravailablo data-indicate,

* . however, that increascd rates of rmtation and chromosonal aberrn

'.-tions'#il%iprgbablywbp,1nduccc in certain cases. Although cxpcri;

{. ments ihdicqtg;thatqthc gcnctiéal fooct;in,cases whcre'it is
fiﬁduded, is,relativelyramall'cpmpgrod,to the effﬁct of direcct

exposurc. of ﬁhnnals,tciradiqtion; the same experinents indicate

» thaf-thc -possiblo ¢ffoct will not be negligible. The intrauterine

-.-ucath described. nay: -indicate lethal nutat1ons or sonatic dapage

~tosthe! foctus. Although non—gonetlcal in princzplo -the 1atter
For this reason-new oxperinents with eareful layout and

T . strict coordihation-afé necded. Especially when different labora-
tories obtain contradictory results, exchange of food sanples and

test organlsns is recommen;ed
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5.1,

Since cytologieal aborrations, as chronosone breaks and
translocations, are ovents implying a mutagonic offect, because

of tha possiblc fornqtion of clones of nutn rtod 00113 in the

'.sonatic tissucs or in the zonads, - thc quich tosts cn ehronosoncs -

of higher plants arc still required. oot meristeos of cercal
sccdlings or onion bulbs can.be-pnployéd. Cytologicnllanquses
should be porfornicd in a woy perpitting the dutéfnination of not
only tﬁc'ﬁcasiﬁlc danngc (absenﬂé'of sitoscs, chrotosono breakame
and rejoining) but alse of the nuclear stage in which the poésible
actxon took pl1cc. )

Rel 1tivoly quick ‘broafls or gonetic effects ‘can be obtained

’using nlcroorganlsms and lower cnimals, as Drosoghila. In any

case, the investigations rust be earricd out with dlfforent spocxos.

- The anslyscs proposod under the 1rons.5,1. and 5.2. soen useful

- and ncesgsary; thoy Ednplcmcnt cach’ other. Basic differences, in

5.3,

R

fact, exist between the biclogical systeus involved.
‘Experinents with “in vitro" tissue cultures should be carried
out along with thc dcvclopncnt of this. tochnique. '
Undoubtedly, the dcflnitive genvtlc appro1ch. the results

. of- which can be. rather correctly cxtropolated to nany ‘has teo bo

performﬂd on differcnt spec1es of’ smell nafnnls. Bocauso of the'

;coqplcx1ty, cost and duraﬁlcn of such investigations, it might be

‘convenient first. to- develop the teochniques and clarify the in-.

- flucnce of esscential varicbles. in wéil—planned Ciporiménts with

'Vthose irradi ted standard diets which: induce chronoscnal abérrations

in House spernatogonia and possibly also intrautérine doath in

the sabe paterizl, Tests with other fﬂu§s should be,done aftor

othey havé been found effective ;n-micrqorgnniSBS, igher plants,

i iqrfDrOSOphiln,-or_ﬁndcr coﬁditions.giving_a lymphcbenia in rats,_rz
5-5) o
" conducdted in. the US. sfudies) are again -startaed, indications of

If -feeding tests with buman volunteers (of the typo already

'”genetlcal ch«ngca in’ the test persons nay bo obtained- from-a

'i°study ‘of chrorosonal abeérrations in phytohenagglutinin stinulatcd

'Jgﬂlyuphocytes. For “this purposc the background ~values:{and X-ray

"prcéhistory, ‘¢tel) of the test persons should be deteruined in
"Eadvancc. The rosult _of - such a togt should bo- Judged in view of

':'the ratio, which 5hould beo determined -of 1ynphocyte aberrations_.r

7-;to gcnc nutation in aninals.
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- Chopical ahd'bioéhenical cnalyses of irradianted foeds or

food compononts wvight denounce the prosence of forued nexious .

‘conpounds, Thedr rutagenicity. should be tested with the above

'nontioned blologlcal systens. Gonotieal tests should thus be dono

with glyoxal, tbc Tfactox iccntirlrd to be . rceponsibie for the

it
-cytotoxic cffcct on hunan culls of irradiated glucosc selution,

and alsc with active {ractions fronm the irrcdiat e standard nninpal

;:.dlot which 1nduce lynphopcn;a.?” Sa also 3,2. g..

It scume 1nportant to fina whether acclvc prlnciples ToSpGI-

-:51b1e for the gonetical cffccts of irrhdlgtcc £foods can be isolhtc&
lzand,identificd. In this chemicql work rcpidltcchnlqu s (e €. ‘
 mutation in bacteria) pust.be used as.guides to tost the activities

of fractions.

¥hen, in one irradiated food,. the factor respensible for

genetical effocts in one. tcst-organism'bas'bccn identificd,. further

- work nay be azdod by tha anﬁlysis for this and rclatod conpounds

i

. in other: types ‘of 1rrhuiatﬂd fbod.-

In . the evaluation of the’ gcnctlc.l hazards from girect cprsurc'

of: hunan bcings to donizing raclatlons.,tho mutation ratoes in tost'

,an;p;ls_(postly,m1cq}A;;g deterrrined at high doses, and permissible

doses_afc‘ostinated bﬁ extrﬂpolation; If woe are doaling with, say,

T aﬂlgoﬂpc::ccgt inereasec of -the uutatlon ratc. (to recessive

'Russel's.pousc strﬁin3

qh;pacters} at all doses .given to a -food; the_“vterulnution of this

56

with 7 reccssivo markors).

We feool that the cnormous costs invelved in such tests will

../ require eithor that ve:accopt.daia:obtainéd_in ﬁqu with chronosomal

- .-aberrations 1nd]intfaﬁt0;in¢_death, O;Jthatfwo_dqvclop'speciil,

-fﬂbaon donc in highor plnnts

more-cfficicht tccﬁniqueé to cstinhté low rmtation rates, as has

57,58

'._increaso would rcquirc wotk with of the order of IOJ animals. -{Such -
3 stucy hhs, in fact been sto rted by Swnninhth“n ot =1., using '
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50 WHOLESOMENESS OF IRRADIATED FOOD?

Table 8: Some Reported Percentage Vitamin Losses
, From [rradiation

Food Vitamin A m_ mm mu mm .m,_m C E

Milk 60-70 35-85 24.74 33 1521 31-33 40-60
Butter 51-78 ,

Cheese 32-47

Grains and flour

Wheat - 20-83 - i5 3 — - -
Qats 35-86 7-45
Rice 22

Beans — — 48 — 48 — — —
Meats

Beef 43-76" 42*-84" 817" — 2".25¢ _— -_ —
Pork and ham 18+ 96* 2* 15 10-45*

Chicken 53-95* 46-93" 35*.38* 32--37

Eggs - 24-61° — 18 - — - 17
Fish

Cod — 47 2" —_ —_ — -_ —
Haddock %00 4 26

Mackers! 15-85*

Shrimp 2:27  70*-90*

Potatoes - - — - — — 2856 —
Fruits

Fruit juices — — — —_ — - 2070 —
Nuts — — — - - — - 19.32

Note some vitamins are relatively undamaged by radiation, but absence of a figure in the
table above doses not imply that a food has been cleared. Ir general, more work needs to
be done on a comprehensive stuly of vilamin Iosses.

"All losses are at doses below the 10 kGy proposed clearance level unless ‘. In these
cases, doses are below the B0 kGy being suggested for sterilization of meat products
(Saurces: References 13, 14, 15)

as well as for the general benefits of substituting unsaturated for
saturated fats. Vitamin E, which is known to be a protector of
the PUFAs, is so badly damaged that in many cases it is even
destroyed if it is put back into the food as an additive.
The extent of the loss depends on the vitamin, on the type of food,
and on the dose of radiation given, Generally speaking, the more
complex the food, the less it suffers vitamin losses during irradia-

A R
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tion. Fruit juices suffer more than fresh fruits, and fruits more than
vegetables, grains, and meat products. Nevertheless, as the table

shows, iosses of 20 to 80% are not uncommon, and there are still
many gaps in the available scientific data on vitamin losses.!+13.16

Public Health Implications? -

Folic acid (folate) is an essential vitamin from-the group-of B vitamins.
In its brief and inadequate discussion of the issue, the British
ACINF said that “little is known about the effects of irradiation on
folate.” Since there are possible problems in the area of public health
in relation to the intake of folic acid, this needs further investiga-
tion. Deficiencies in folic acid and in other vitamins® and minerals*
have been linked to the development of neural tube defects such as
spina bifida. In addition, studies of elderly people and people enter-
ing mental hospitals have found that a significant proportion of
such people have deficiencies in folic acid.

The United States is unique in having high recommended daily
allowances (RDAs) for most vitamins. The European RDA for
vitamin C is about half that in the United States, mainly because
the average daily intake in northern Europe does not meet the
United States standard. In Britain, a recent report from the Depart-
ment of Health and Social Security found major deficiencies in the
diet of British schoolchildren.® In many parts of the United States,
particularly among those whose diet is limited by lack of adequate
income, there are groups of people whose diet is already deficient.s

"The same would apply to a much greater extent in less developed
countries. Unfortunately, food irradiation advocates see nothing but
benefits from irradiation in the war on hunger and malnutrition. The
dream rapidly turns into a nightmare if we think that irradiation
may be used to extend the storage life of the developed world’s
mountains of surplus food, so that these nutritionally depleted stock-
piles can be off-loaded onto third world countries— adding insult to
mnjury by calling it “aid”

The fact is that this technology has been introduced with too little
consideration of the impact it will have on diet. No studies anywhere
have assessed whether there will be a significant impact either on the
population as a whole or on vulnerable groups within the population,

The first response of many of the experts who have been asked

B L P
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4.2 Destruction of Essential Nutrients

Disproportionate and selective losses of essential nutri-
ents occur in foods as a consequence of irradiation., This
is because free radicals generated by irradiation do not

:mpngq engage in chemical reactions with one another. They
behave as selective reagents. It is immaterial that stable
radiolytic products are measured in minute concentrations.
The essential nutrients that are being irreversibly modif-
ded by reaction with free radicals are omnm: present only
in low to minute concentrations. It is the praportion of

a given nutrient remaining in a food at the time of eating

that really matters,
An insidious characteristic of irradiaticn-induced loss

wmlhbhlkh%Ihh1¢¢¢¢*?§T?Lrnuhhrhhbhmmw. This has been ob-

served for unsaturated fatty acids, the sulphur—-amino acid

cystelne, vitamin E, vitamin mh and vitamin C as described
iy peepepelefi iy

below. According to the food and storage time, nutritional

erosion could be virtually complete in irradiated foods

even before taking into account any accelerated losses

during cooking {(Section 4.4),
e R

4.,2,1 Unsaturated Fatty Acids

The double bonds between certain carbon . atoms in long

chain fatty acids esterified with glycernl are selectively
™ attacked by some of the free radicals produced by irradi-

ation, particularly numhm:vmnox»anpmsaﬁsqnnoawpHﬂmananm.

When one oxygen atom is gained, a e¢yclic epoxide can form:

-C=C= — “C=C~
0

These compounds are highly reactive, forming new addition
products that will add ar oxygen or nitrogen atom to eith-
er side of the oxygen bridge (Burgoyne, 1979). Like the
epoxide of vinyl chloride, a potent nwﬂnwuommn (Bruice,

_.Ir.l-llnl,! - L
1986), lipid-derived epoxides could interact with Strateag=

. S -

¢ nitrogen.atoms belonging to the bases of nuclear DRA,

.Illlllll!llllllﬂlIlllllllllllllllIllIIIll-I-l-------------I----ml-
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irreversibly switching on oncogenes that control whether

cell division occurs or not.

’ When two linked oxygens are gained at an unsaturated
carbon-carbon bond, nmm% can remain linked to one of the
carbon nnoawr forming a lipid peroxyl radical. This can in
turn react with another nnnvoulnmnvo: double bond to be~
come a Iipid hydroperoxide, thus getting up a chain react-

—_—
ion (Fig. 11), Similar chain reactions are involved in the
setting of polyacrylamide gels (Tanaka, 1981).

iM:wmmm the ensuing series of reactions is interrupted by
an anti-oxidant (Sectidn 4.2.2), superoxide radicals can
"each facilitate the formation of dozens, hundreds, or even
thousands (Gey et al., 1987) of lipid fatty acyl hydroper-
et ——————

oxides, which rearrange to form(falondialdehvde] and gther

products, The major identified stable products from the
e ree——
irradiation of beef and other meats HnnH:nmE and

Enpmwnuw derived from fatty acids {Urbain, 1986;
Guldborg, 1986). _

_E. D. Wills (1980a,b) measured the irradiation-induced
formation of lipid hydroperoxides by an iodometric method,
and the production of disldehydes with thiobarbituric acid
(Wills and Rotblat, 1964), He chose three different lipid
sources, differing in overall fatty acid composition, and
mixed each with starch in a ratio 1:9 (w/w). The herring
6il contained an eppreciable proportion of polyunsaturated
fatty acids with more than three double bonds each, the
maize oil nonnnwnmm.amwaww Humomn»n,mnua. and the lard
contained the lowest amount of polyunsaturated fatty acids
but more than 40% mono-unsaturated oleic acid (Table 12).

rmm.awnmawwnuou. m:m extent of lipid peroxidation was much
Jigher for the herring o1l mixtures than for the other
two lipid types, which gave similar results (Table 13).

A number of important findings mimﬂmm from Wills' obser-

vaticns, First, electron beams are not as effective as
gamma irradiation in generating products of lipid peroxid-
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Table 13,
Lipid Peroxidation in Herring 0il, Maize 0il or Lard,
Each Mixed with Starch and Irradiated with Cobalt-60,

B3

icals from one type of selective reaction. Enhaneced dest-

ruction of glycosidic linkages in starch or other poly-

Malondialdehyde formed (amoles »lmv

Lipid source® Control 2 kGy 9.5 kGy
Herring oil 2,853 7,796 18,957
Maize oil 136 167 315
Lard 128 216 380

%102 (w/w) with starch, Products of lipid peroxidation
were measured by the thiobarbituric acid method immediate-
ly after irradiation. Means of three determinations are
shown. Data of E, D, Wills (1980a),
* +* »* +* * *

higher (meats, fruits, vegetables) or lower {mature cereal
grains and other seeds), ,

On the basis of E. D, Wills' research it might be argued
that the adverse effects of Hﬂummnmnum: on unsaturated
fatty acids in foods could be avoided by adding enti-oxid-

Wmmw.ﬂWmnn»os 4,2,2), excluding oxygen, and operating at a
very low temperature, But it would be impossible to remove
all the water from foods to be irradiated. Attempts to

achieve this by deep-freezing would infliet unacceptable

structural damege on meats and fish, There are also valid
objections to the use of synthetic anti-oxidants such as
BET (butylated hydroxytoluene or 2,6-di-t-butyl-4-methoxy
phenol) to which some people are sensitive (Buist, 1986),
Although it 1s a simple matter to include anti-oxidant in
a blend of lipid and starch then generate a homogeneous
distribution on mixing, it is= H&vomm»upm to ensure an even
distribution of added anti-oxidant in real foods like
chicken carcasses or meat cuts, which may comprise 30% fat
{(Greenfield, 1987; Nixey, 1988),

Even if the use of lipid-soluble anti-oxidants were fea-
mHva. this would only divert superoxide and hydroxyl rad-

saccharides Ammnﬁuob 4.3) and of sulphur~aminoe acids (Sec-
tion 4.2,6) might well occur instead, Lipid peroxidation
is less in irradiated herring oil-starch mixtures when
cagein or ovalbumin is added (Wills, 1980a), an effect
wvhich is consistent with the notion of competition among

susceptible sites for reaction with superoxide or hydroxyl

radicals.
Two aspects of lipid peroxidation cause most concern.

Wuwmn. the partial or complete removal of unsaturated and
polyunsaturated fatty acids from faod is detrimental, §Tv-
en that these are essential in the human dier, Without cis
unsaturated fatty acids in membrane phospholipids, the
saturated fatty acids would fit together too clogsely; the

membranes would lese fluidity or flexibility, thus inhib=-

iting transport functions.

There is no doubt that plants have the enzymatic capac-
ity to introduce double bonds into fatty acids during
lipid synthesis. The most abundant plant sources for human
consumption are reserve triacylglycerols in seeds, and in
these, the most abundant fatty acids containing double
bonds are oleic, linoleic and linolenic acids {(8lack and
Browse, 1984; Trelease and Doman, 1984)., Irradiation of
oilseeds would accelerate rancidity, whether at 6 kiloGray
(Heilpern 1987) or at 1 kiloGray, the dosage proposed for
insect disinfestation.

Secondl dity of ir-

radiated foods deserve close attention., Our aversion to
rancid flavours, which stem from the oxidative release of
free fatty acids from phospholipids or triacylglycerols,
mmmsmammmmmnmmmmHmHmmmmmH1«mwum41mmammmm;mw;mMNMﬁau:m ran-
“€id fats or oils ineclude low Mthmm‘nmnm. infertility in
HMMd males and females, hepatic necrosis, red blood cell

fragility, and forms of muscular dystrophy (White et al.,
e,
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the sole function of vitamin E is that of anti-oxidant,
with the ability to interrupt a chain reaction of lipid
fatty acyl peroxidation (Fig. 11) and protect membrane
structure. This function is well manvHHm:mn for plants
(Dodge, 1977} and mammals (Pike and Brown, 1967; Menzel et
al., 1972; Niki, 1987), Increasing attention has recently
been paid to this role in studies on cataract formation in
the lens of the eye (Verma, 1987) and 4n the incidence of
heart disease (Gey et al., 1987), The latter study sugg~
e¢sts that a blood plesma concentration less than 0.9 mg
a-tocopherol per 100 mL, 4in conjunction with poor vitamin
C status, indicates a high risk for ischaemic heart dis—
ease,

,rm:vouoxunm radicals generated by irradiation can potent=-
thHHw interact with the double bonds of fatty acids ester-
ified in the phospholipids of cell membranes, leading to
the formation of lipid peroxyl radicals and their break-
down products (Section 4.2,1). By 'scavenging' such a
Hmaaoww (Fig. 11), a-tocopherol Prevents the lipid moiety
from éngaging in further generation of lipid free radicals
at n:w expense of carbon-carbon double bonds. Vitamin E is
itself oxidized to the chromanoxyl free radical, which can

be reduced again to a-tocopherol by ascorbate (Fig, 12). —
However, if there is insufficient vitamin E to nmaﬂmus the
chain reactions of lipid peroxidation, then both vitamin E
and vitamin C will be exhausted. .

When rolled cats were irradiated at 1 kiloGray, 85% of
Jn:m original a-tocepherol content had disappeared by the
end of 8 months storage (data of J. F. Diehl (1979), as
cited in Raica et al, [1972]), This loss ocecurred in two
stages: 20% immediately following irradiation, and a fur-
ther 65% during storage. The combined loss was more than
3-fold greater than the loss normally entailed in storage.

Mﬁ»m was 26% for unirradiated oats stored under the same

conditions.,
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Product

Free radical
\ Chromanoxy!l

a-Tocopherol radical

=

Semidehydro- Ascorbate
ascorby! radical

GSH | : Gs*

% 2 X2
reductas :
GS-SG
NAD(P)*

NAD{P)H

Fig. 12, Redox reactions in the cytoscl linked to the re-

generaticen of vitamin E in vivo. GSH represents the reduc-

ed form of glutathione, GS~8G is the oxidized form, and

GS* is the glutathiyl radical. The formulae for ascorbate

and semidehydroascorbyl radical are shown in Figure 13.




-J89-g-supIl.TTe uUPYl TeIjueijod y UTWERITA JINMOT YONUW SABY
swos *‘s2u9310382-F se pesselo siusmStd a8yl Suome usag
*sauslolei-y J0J ajeax
~No28® AJIUSTFOTIINE 3Y ST 10u ‘Eprousiolnd [®I0e] 031 poridde
aq pinoys nwxﬂmloco J0 J032BI 2Y3 JE¥Yl PIAPUIIUT 10U SBM
3T *,PITYI-3uo $® uaxel aq auajosed-g jo L3TITQRITBA® B8Y3,
3eyy uoTadunsse sy3l YITM PPUTIQWOD ‘aAroqw uchﬂuauE 1030873
UOTEIBAUOD ¥0§¢ @Yl U0 pIseq S1 I039eF SITYL *(L967) 3310
—dey s, ,dnoxy 3zadxi (QHM/OYVJ 243 BuTMOTTOF ‘9 3FOo I032B] ®
44 snter pToOuUsjOIEBD [BI03 Ayl BUTPTATIP £q Touras: o ,3us
~-TvAatnba ausjoaws-g, oyl sg2nf 03 apvm Lyiensn st 1dwajze
uy ‘Sprou’I0oled [RIOI WOLI $IUI0IVO-g pIYSIRBuUTISIP Jou
wWﬁa £37qel98sA pue S1TNIT J0F FIELTEUD TBUOTITIINU Lumy
*(1861 ‘pPuTejulaneg) SURUNY uUT L£ITATIOoE
¥ Utwe3TAa-o03d o013z moys sIulmFTd pIoUSICIBYD umouy QQH usyl
10w IY3 JO 3ISoW INg fyOS PuUw Qf UIINIAQ PIIBUWTIISD SIID
~UITITII® YITM TOUTIAI PTTL SPTOUIIOIEBI ISY30 M3F Y *YOns

£® pAUTE]2d ST SU3J0IBI-g JWOS IVYJ SINSUI TOUTILI 03 UOT

-53I84AU0 pUB 8YEldn S3T UT $AFIUSFITIIOUT 2yl pue ‘(n*C*g

UGTI29G) SIUBIqWLW TTSD UT SUOTIJUNT dATidajoad puw Tey
—-JU3EED mu>wum 319537 9Ud10IBI-F IBY] SOUIPTA® ST 3I8Y]

- *{s961

“eauy) suslored.qg Br ¢'p 1o 'ajwisoe TLUTIOX B H4g'(

10 *‘Toutr3iax 8 g'p I 198 ST V UTWEITA JO YU [BUOTIBUIS

-3u] LIBI1TqI® BYL *TOuUTIaI (0§ URYI sX0oWw PIIIL oI pOIIPTS
~u03 jou FT '2UPIOIVD-g-SURIF-TTIR ‘J0SInD0ad 38aq 2Yyj u3AD
puw *IUSTOTFIS® ¥0(0T 3I0U 23 £88£3001d UGTSIDAUOGD PUB IHET
-dn ang *(f967 'umolrg pue aYTJ} I9ATT 3yl UT ueyl IIYIeJ
‘psosnw TBUTISEIUT 28yl 3o BT192 uyt aserd axel 03 palapl
~5uU02 mou ST @28eawal? fawwiad STyl *uexolIq ST puoq arqhop
TeI3ULD £3T S2u0 105In251d proOUSIOIEBD STQEIINS B FIBY WOIJ
apew aq uUBD TOUTISY 'V UTWEITA Fo FIosanzsxd sev jusixs Ing
~98n fue 03 2AI25 YOTYM Jo swos Lfuo ‘siusuwfyd pyrouajzoeies

UT POYDTIUS SPOCGY 10J IND-1EATD OF 30U 8T BOTIBNITS ayL

“ATTW UT ¥0. puv ‘Ia3

68

~3ng UL Yg/ ‘@FIIYD UT ¥/# 01 PUSIXI SIEEOT 882yl ‘{/g8671)
Bue pue qqsM 4Lq poaimwdeid Lismumne ayy o3 wnﬁvuouumidﬂmﬂ
-3TTpeRLIY Lq JuUSIUOT TOUFIHI ITBY3 Jo pa3afdap haﬁmﬂuqmuw
-qns 9ae ‘TOUTIVI JO $EIINOF [BIRIBU ISIYITI 343 JO BUO hm
~3ATIV9TTOD ‘spooy huﬂww ‘voyieisedxs ETY3 YITm JuRISTISLOY
"EPUOQ ¥S3YJ YITA IDVISIUT PIROA UOTIBIPRIIF £q pelviousd

STeO2Iper TLx0apdy Io sprxoiedns 3eyj peioadxs aq 03 sT 3T

'IOUTISI UT UOFIBINIEVEUR JO 28183p ySTYy BY3l JO MOIA uy
.huﬂ>wuuw ¥ utwellis Aoixjsap ‘dnoag T4x0qaed ®
031 uwotrieprxc Buipnidur ‘dnolf Toyoayw TeUTWIS] 3yl Jo suot
-3VOTITPOUW 150W Ing ‘2ATIAOE ZOOT UTEWRI (e3myfured TLuriex
10 ajelale TLiurjsa *Bra) gas3Es TAutiay *K£3ataraone 1e2180
~I0%q 3FO FSOT T®103 IO P3jIBW INOYITA PATIBA 8 pInod uoj
~3T3%8 uo0QIvd 3Y3 JO 3INn3es] JuUEBITITUSIE ocAuc:u peysTIqE
~38% (CQRT) ssuy ‘siesseoTq Burs) *L1TATIOE ¥V UTWEB3ITA TTNJ
BUTIIGFUCD SIINIEVIF JUBTIBAUT IYI JO Su0 BT UTeYyo-3apIs
@yl inoyB3noryy (woliesnfuod) s=puoq 21qneop pue 878uls JO
ucrivuIalle syJ ‘dnoal® [oyedTT uUEB UIIA 3urleutwasy “‘sayun
susxdost Inoy yo 3TINq Suia ueqles PeIBqUAL-XTE B JO SISTSF
=U0d Jourl’y "3IITP Ayl utr siosinodazd prousicied la ‘3183t
Touriax yo seyrddns Surleniosny]y 1sujele I833ng v apracad
ABATT ®43 UT 518358 TLUTISI Jo Sealssay '9de eyj Jo eurladl
®y3 ut uysdopoys juswiid TENSTA ayj JO JUBNJTISUOD © Se ST
(T0UTISI_SUPII.TI®) ¥V UTWEITA O UOT3ISung peuTzap 383q ayj

Eprousjoie) pue y UTHeITs (5UTheaL, 9TqNIoS-pFdT] €'z %

*{q'e086T ‘STTITH

*C *d) weisis (eivowmtladxe STUL uf STedIpea 981y psieviouass
~UOTIBTIPEI WOIJ BuTaTnsal uoyrseprxoisd surele sptdTT 1023
-o1d 03 JuUaTIOTIINE &F Y21ya f(m/m) %1*0 o3 dn WO TlBIIUSD
-U03 1734yl Futiq 03 pajuswsTddne alam Layn ggatun ‘atow 10
ABI90TTY T o Eesop Lq peforlisap 479387dwos 2o ATTeTiaed
9I3M PBIE9] SIUEBPTXO-T3UR TT® !juspuadap UoT3BIUAZUOS ST
UOF3IONIIESP STHL (40867 ‘SITTM) S2INIXTUW Y5I83IS~TTO BuTJ
o o8uBl B uBYl B3E

-13Y UT PIIEPI SIUEPIXO-TIUB I[39UIULS
S o10L BT g UTNEIT,

P UOTIBIPEBL B3CLP

88




90

otene {Gebhardt et al., 1977). Consequently, more detailed
chromatographic separations and analyses are required in
order that a realistic estimate of the pro-vitamin A pot-—
ential of plant carotenoids can be made. Adopting such
procedures for a range of stone fruits, Wills et al. (19-
83) showed that revised values for pro-vitamin A potential
were up to 4-fold lower than those previously published in
tables of food composition.

Irradiation of fruits and vegetables can interfere with
the normal synthesis ¢f carotenoid pigments (Sections
2.3.3 and 3,1.1), Even when irradiated fruits look as
though they might have a normal complement of pigments, no
detailed analyses of the kind recommended by Gebhardt et
al. (1977) have been undertaken to determine how the pig-
ment composition has altered as a consequence of irradiat=~

ion. Apart from changes in the pattern of synthesis, car-

otenoids present at the time of irradiation could readily

be modified at a single carbon-carbon bond, and so become
pECome

devoid of vitamin A4 potential (e.g. Tinsley et al., 1970).

Fruits would not need to be 'bleached' to the same extent
as irradiated oranges for this to happen.

At present, values reported for 'f-carotene equivalent'
of irradiated fruits are just as meaningless as they are
for unirradiated fruits. This kind of approximation con-—
ceals selective changes that could indicate that irradiat-
ion diminishes the pro-vitamin A potential of carotenocids
retained following irradiation,

In situations where people are already smHmonnuwvmm. the
f-carotene content of the food becomes irrelevant, vmnmem
carotenoids can no longer be taken up by the intestinal
mucosa, and retinyl esters stored in the liver cannot be
mobilized (Scrimshaw and Young, 1976). The immediate rem-
edy for vitamin A deficiency is an injection of retinyl

esters.
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4,2.4 B-group Vitamins

The B-group vitamins are as distinct from one another bio-
chemically as from any other vitamin (Table 14). Historic-
ally, this complex was originally treated as a single wat-
er-soluble factor, expanded into a dozen factors, then
consolidated so¢o that only wH. mw. mw. wo and wum consist=~
ently retain the B-group nomenclature.

Table 14.
Major Functions of the B-group Vitamins and Approximate

Daily Requirements for Adults,

Daily adult Example
Vitamin requirement of cofactor function
H:»ma»s.awpu 1,0-1.5 mg"’ Thiamin pyrophesphate aids
Omimﬂocu transfer between
sugar phosphates.
Riboflavin AwNu 120 ug per Succinic dehydrogenase in
1,000 the Krebs cycle; desatur-
kilojoules ation of fatty acids.
Niacin or up to 18 mg Precursor of nicotinamide
nicotinic acid according to adenine dinucleotide, z>u+
Awwv tryptophan and Nappt (reduced forms:
intake NADH, NADPH).
Pyridoxine, 1.4 mg Transfer of aminoc groups

pyridoxamine, in synthesis or breakdown

pyridoxal ﬁmou of amino acids.
Cobalamin 2-3 g

(B

Conversion of ribonucleo-
tides to deoxy~ forms for

ku a
- DNA synthesis ,

®Babior {1975).
P T

All mammals need a dietary supply of riboflavin, pyrid-

oxine and cobalamin. Only specialized herbivores can do

without dietary thiamin, relying instead on gut flora.
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Table 15.

Some of the Metabolic Functions Established for Ascorbate.

Functions

References ;

As

a powerful reducing agent:

protection of membrane lipids mwoa
peroxidation, directly or via
recovery of vitamin E

provisien of proton gradients in
membranes, e.g. of Golgi vesicles
participation in hepatic mixed
functioen oxygenase (MF() and
flavin mono-oxygenase (FMO) sys-—

tems linked to cytochrome P-450

Varma {1987)
Niki (1987}
Figure 12.
Morré et al.
(1987).
Zannoni et al.
(1987)
Bruice (1986)
Groves (1986).

ba

As a hydrexylation cofactor:

- proline hydroxylase, necessary Stone and
for collagen synthesis Meister (1962).

- cholesterol 7-o-hydroxylase Ginter and Jurco-
(bile acid synthesis in liver) vicova (1987).

- 4=hydroxyphenylpyruvate dioxygen= Diliberto et al,
ase and dopamine B-mono-oxygenase (1987)

(two steps in catecholamine Levine and

synthesis in adrenal medulla) Hartzell (1987).
~ five other enzyme activities U
As 8 nitrite scavenger:

- stoichiometric reaction of nitrite qwu¢mbam:a and
with ascorbate blocks formation of Wishnok (1987).
nitrosating agents, which would
otherwise form mutagenic and
carcinogenic compounds, such as
nitrosamine

cells, seminal vesicles and released sperm.

Dehydroascorbate is the full oxidation product of ascor-

te (Fig.

13). Although this compound could notionally be

Ascorbate

SDAsc

DHAsc

Fig. 13.

¥
0

¢
0

¥
0

Redox reactions of ascorbate,

95

T*&llﬁuT¢ILAWHIJ“MVHHnu
_ 0

H OH

L.
o

O

ol =

0
H OoH O
l
0 0

T+MWImU++ ﬁu
H OH

DIKETOGULONATE

semidehydroascorb~-

ate (SDAsc) and dehydroascorbate (DHAsc).

*

#* +* 4+ # 4%

reconverted to ascorbate by an input of reducing potential

this expectation is not fulfilled im vive. Ascorbate is

often consumed irreversibly as an anti-oxidant (Chatham et

al., 1987), and derivatives of dehydroascorbate such as

diketogulonate, methyl glyoxal and oxalate are not recov-
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Ascorbate mg/mL

l | 1 ]
0 10 20 30 40
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Fig. l4, Effects of gamma radiation applied on the second
day on the ascorbate content of Eureka lemons maintained
at 15%C, The dosage was 1, 2, 3, or 4 kiloGray as indicat-

ed. Ascorbate values are mg per mL of expressed juice.
Data of zmxum..mmxm and Sommer (10964a).

3* +* +* #* * 3#
indicated (JECFI, 1981; Cumming, 1988).

But ascorbate and dehydroascorbate do not have equal
biological activity. Dehydroascorbate is an oxidation pro-
duct of ascorbate, derived in two steps, each involving
the transfer of a single electron (Fig. 13). It cannot be
utilized instead of semidehydroascorbate (ascorbyl radic-
al) in reversible enzyme-catalysed redex reactions (Table
15). Dehydroascorbate is more likely to be formed in the

non-enzymic chemical reactions which ascorbate undergoes;

pl=]
pe]

Table 16.
Vitamin C Contents of Fruits and Yegetables According to
Different Assay Procedures (mg per 100 g edible portion),

Ascorbate o:ww. Ascorbate plus
by titration dehydroascorbate, -
Food tuﬂr.awmm fluorimetric

Beans Amummnv 21 mmc
Peas (shelled) 26 wmw
Apricot 8 7 ar 16 (two cv.)%
Nectarine 19 11 or 13 (two cv,)S
Peach 7 6 to 16 (8 ¢v.)©
Plum 4 4L te 6 (6 cv.)"
Cherry 8 16 to 21 (3 n«.uo
Pineapple 26 Hwn
Pear 4 59 '
Tomato 22 Ho.wn

“Thomas and Corden (1970) D"Wills et al. (1083)
“Wills et al. (1984) 9aGAL (1988).

£ O® ¥ % % %
it is unstable and spontaneously forms diketogulonic acid,
which is "devoid of antiscorbutic or other metabolic
activity" (Rose, 1987),

In routine analyses of fruits and vegetables, ascorbate
alone should be considered as vitamin C. Estimates based
on summation of ascorbate and dehydroascorbate contents
determined by microfluorimetry or HPLC (high performance
liquid chromatography) are, however, little different in
many instances.from estimates based on reduction of the
dye 2,6-dichlorphenclindophenol (Table 16). The appreci-
able differences that have been observed go in either di-
rection (e.g. cherries and pineapple) and can be attrib-
uted to cultivar or growth conditions rather than to the
presence of sizeable quantities of dehydroascorbate. There

is no evidence to support the view that a substantial res-—
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should whenever possible be complemented with legume seeds
or seedlings (Section 2.3.1) and oilseeds. The seed pro-
teins of many cultivated legumes will provide adequate
lysine, threonine and tryptophan (Sastry and Murray, 1986)
and chick peas provide the best legume seed source of the
mcwmﬂHMHMNMMﬂlwanm. methionine and cysteine (Bhatty, 19-
82; Murray and Roxburgh, 1984; Murray, 1979, 1984a; Sastry
and Murray, 1987).

The carbonyl groups of peptide bonds are far more stable

to the presetice of free radicals mowwotn:m irradiation of
foods than are the corresponding carboryl groups in the
ester linkages of acyl glycerols (Sectien 4.,2.1) or the
glycosidic linkages between sugar units in polysaccharides
(Section 4.3.2)., As most peptide bonds remain unbroken
following irradiation of foods up to at least 10 kiloGray,
it is incorrect to equate the effects of irradiation with
"pre-digestion"” (Cooper, 1988). However, the side-chains
of amino acid residues within polypeptide chains are not
necessarily as stable as peptide bonds. Many reviewers
have missed the point that irradiation damage to proteins

in foods is selective; certain of the amino acid residues

are more susceptible to modification than others (Murray,

———"C

"1988a).

Amino acids with a benzene ring (phenylalanine, tyros-
ine}, or a heterocyclic structure such as the indole ring
of nwwunov:mr. are prone to hydroxylation by hydroxyl free
radicals, The formation of novel protein-bound isomers of

tyrosine following irradiation has already been mentioned

ﬂhwwm. 7). There is also a coherent body of evidence for

selective loss of the essential sulphur-amino acids, meth-
ionine and cysteine, through a variety of reactions.

Sulphur-containing compounds are not only prominent

mimmm mnmcwm irradiation products - they can comprise the

o it

most abundant category of such products, as in irradiated

P o 5 .4 1A 11ty 0

1H2
i

WMMW (Urbain, 1986), These products include dimethyl sul-
phide, dimethyl disulphide, ethyl mercaptan and hydrogen
suiphide, Hydrogen peroxide is known to convert methionine
to methionine sulphoxide (Shrift, 1966). Methionyl resid-
ues in polypeptides will react with either hydrogen perox-
ide generated as a radiolytic product, or supercoxide radi-
cals, to yield methionine sulphoxide as one breakdown pro-
duct.

Dimethyl disulphide Anmunmlmsnmwv might be derived from
two n:u:m. radicals liberated from the terminal region of
methionine residues (Fig. 15), or else from the methylene
groups of two cysteine residues linked by a disulphide
bridge. These bridges are a highly conserved structural
feature of correctly folded pelypeptide chains, providing
stability:

Tommlmm + Tomunmm —_— _-omm-m-m-om

Mlq

When proteins are hydrolysed at their peptide bonds,
certain pairs of cysteines are always found with the di~
sulphide bridge irntact (i.e. as cystine), unless Hmmmmnﬂm
are applied to reduce the bridges to free thiol groups, or
to convert all cysteine residues to S-sulphocysteine
{Inglis and Liu, 1970). In the case of ovalbumin (Table
173, two of the six cysteine residues always form a di-
sulphide bridge, whereas four retain free thiol groups
{Betteridge et al,, 1974; Thompson and Fisher, 1978),

In addition to their functions within polypeptides, sul-
phur—amino acids are essential in our diets for the donat-
ien of methyl groups, and the synthesis of glutathione,
the tripeptide y-glutamyl-cysteinyl-glycine (Fig. 15).
Legume seeds may provide some cysteine as glutathione
(Spragg and Yemm, 1954; Murray, 1988b). This tripeptide
has a redox function involving the thiol group of its cen=-
tral cysteine residue. The fully oxidized form possesses a

disulphide bridge evidently formed from® two thiyl radicals
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still be abundant. Protection of polysaccharides afforded

by the presence of protein in the same foods (Urbain, 19-

86) is no consclatiorn, given the selective nature of dam- ,
age to proteins (Section 4,2,6). Damage to both the poly-
saccharide and protein constituents of cereal grains like

bread wheat destroys baking quality as well.,as eroding the

nutritienal value of the food (Section 5.3).
4.4 Synergistic Effects of Irradiation on Nutrient Losses

"I would not get too hung up on the synergistic effect.”
- F. J. Cumming {1988)

Synergism is the interaction of two or more causative fac-
tors such that their combined effect is greater than the
sum of their effects individually. The term is applicable

to.irradiation because there is evidence that the loss of

nutrients from irradiated foods after cooking cutweighs

LT B

the SumBE (17 the ioss induced by irradiatior then stor-
g

age,.-and (2) the logss brought about by cooking the same

unirradiated food.
"If irradiation were to be amapplied to the meats, fruits

and vegerables that form the bulk of most human diets, the

nutritional impoverishment of those diets would be so ext-
ensive that sufficiency thresholds for many essential nut-
rients would nc longer be met. The u:wmmmn.@auﬂq anOmem_V

would take on a new dimension,

4,4,1 Yrradiation—-Induced Loss of Nutrients from Meat

Food Chemical News (1986) quoted the U,5, Agriculture Dep-
"

artment's Agriculture Research Service as repcrting 'a

highly sigrificant interaction"” between coocking and irrad-

iation of bacon and, its content of thiamin (Section 4,2,4)
"-n!.ll:sl.lll.!lll-l..l“1
Thiamin was lost at a faster rate during cooking if the

“bacon had been irradiated: "The two processes, irradiation
and cooking, produced degradation, but when the product

was cooked after it had been irradiated the overall effect

was greater than the sum of the processes applied individ-
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ually."
There are two components of nutrient loss during the

cooking of meat: a chemical lability of vitamins such as
.

thiamin at the higher temperature, ahd the physicgl exud-

T o T .
ation or Tdrip loss' of soluble nutrients from the meat

bacon or

a5 1t shrinks during cooking,

1Il||
steak, Drip less of all soluble nutrients is certain to be

e,g, on gri

exascerbated when irradiated meats are cooked, because the

exudation process begins and becomes obvious during stor-—

age. Lamdb and pork meats irradiated at low temperature

> [ L] s
after vacuum packaging are known to 'weep' excessively

during storage. The slimy appearance of such meats offered

for sale would obviously deter customers. Shay et al. (19-

i —

88) considered this effect a _sigpnificant loss in quality,

to be balanced commercially against any marginal extension

in storage 'life'.

4,4,2 Trradiation versus Alternative Processing and Cook-

ing of Plant Foods

The argument that Hﬂﬂmawmnwonwﬁsmcoma losses of vitamins

from foods can be tolerated because these losses are sim-
ilar to those sustained on cooking or processing by other
methods 1is specinns - it collapses on closer scrutiny.

First, the losses due to irradiation must include the

extra losses entailed in storage following irradiation,

which can severely outweigh the losses normally observed

e

on storage of unirradiated foods (Section &4.2). Secondly,
. - —————

the irradiation-induced losses imposed on fruits would be

incurred through a processing step which presently does

not exist for these fruits. Thirdly, the actual retention

of B-group vitamins and ascorbate after cooking at the

temperature of boiling water is often close te 80% or even

wmﬂnmw {Table 19), depending on the vitamin, the food, and

Premteen it ‘
care being taken not to overcook. Frozen vegetables when

1r
cooked give similar vitamin retention tg fresh vegetables
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RBecause ripe tomatoes do not travel well, 'tougher'
varieties are grown for the fresh fruit market and pilcked
. immature., It is universally appreciated that they lack
., flavour compared with home~garden varieties, which can be
.. picked fully ripe. That is why canning is applied to sel-

_.ect varieties of ripe tomatoes, which accordingly possess

7 fully developed flavour, pigmentation, and maximum vita-

., min C content, ranging approximately from 16 to 21 mg per

100 g edible portion (Rick, 1978), Even if only 58% of the
ascorbate survives canning (Table 20), this result is
preferable to that for green tomatoes picked prematurely
then irradiated., These remain green, and thereafter their
ascorbate tontent can only decline from an initial value
around 9 mg per 100 g (Maxie and Sommer, 1968).

The summer—-grown tomatoes of California are more likely
to resemble the earlier Australian sample of Table 20. The
substantial consumption of canned and processed tomatoes
in the USA indicates that a great many Americans obtain a

high proportion of their vitamin C requirement from tom-

“ atoes (Table 21), This ranking was determined by M. A.

Stevens more than 10 years ago {Rick, 1978), and is likely
"to still hold true for tomatoes.

Irradiated tomatoes could not fulfil the nutritional
*role presently met by canned tomatoes, even if they were

~irradiated ripe instead of green.
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